WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATIODN TREATY (PCT) 



(Si) International Patent Classification 6 : 

C07C 233/00 


Al 


(11) International Publication Number: WO 98/50342 
(43) International Publication Date: 12 1 November 1998 (12.11. 98) 


(21) International Application Number: PCT/US98/08764 

(22) International Filing Date: 30 April 1998 (30.04.98) 

(30) Priority Data: 

60/046,862 8 May 1997 (08.05.97) US 

(71) Applicant (for all designated States except US): SMITHKLINE 

rpppham CORPORATION rUS/USl; One Franklin Plaza, 
Philadelphia. PA 19103 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BONDINELL. William, 
Edward [US/US]; 1512 Franklin Lane, Wayne, PA 19087 
(US). DesJARLAIS, Renee, Louise [US/US]; 11 Cornwall 
Circle, St. Davids, PA 19087 (US). VEBER, Daniel, Frank 
[US/US]; 290 Batleson Road, Ambler, PA 19002 (US). 
YAMASHITA, Dennis, Shinji [US/US]; 703 Edgewood 
Road, King of Prussia, PA 19406 (US). 

(74) Agents: STERCHO, Yuriy, P. et al.; SmithKline Beecham 
Corporation, Corporate Intellectual Property, UW2220, 709 
Swcdeland Road, P.O. Box 1539, King of Prussia, PA 
1 9406-0939 (US). 


(81) Designated States: AL, AU, BA, BBB, BG. BR. CA. CN, CZ. 
EE, GE, GM, GW, HU, ID, IL,„ IS, JP, KP, KR, LC, LK, 
LR, LT, LV, MG, MK, MN, MAX, NO, NZ. PL, RO, SG. 
SI, SK, SL, TR, TT, UA, US, VJZ, VN, YU. ARIPO patent 
(GH, GM, KE, LS. MW, SD, SZA UG, ZW), Eurasian patent 
(AM. AZ, BY, KG, KZ, MD, RUlf. TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ESS, FI. FR. GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI pa-atent (BF. BJ, CF, CG, CI, 
CM, GA, GN. ML, MR, NE. SNN. TD. TG). 

Published 

With international search report, t. 

Before the expiration of the tirrme limit for amending the 
claims and to be republished in i the event of the receipt of 
amendments. 



(54) Title: PROTEASE INHIBITORS 



(57) Abstract 

The present invention provides bis-aminomethylcarbonyl compounds that are inhibitors of cysteine a and serine proteases. The 
compounds are particularly useful for treating diseases in which excess cysteine protease activity has been implicated, including osteoporosis, 
periodontitis and arthritis. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international i applications under the PCT. 



AL 


Albania. 


KS 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


FHanoe 


LU 


Luxembourg 


SN 


Senegal 


Ail 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


CB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


DA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TC 


Togo 


BB 


Barbados 


GH 


Ohana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 
Burkina Faso 


CN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BP 


CR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 
UA 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


Ukraine 


BR 


Brazil 


II 


Israel 


MR 


Mauritania 


UC 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CIt 


Switzerland 


KG 


Kyrgyzatan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdtc d'tvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


Clttiia 


KK 


Republic of Korea 


IT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






OK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/50342 



PROTEASE INHIBITORS 



PCTTAJS98/08764 



FIELD OF THE INVENTION 

This invention relates in general to bis-aminomethyl carbonyl protease inhhibitors, 
5 particularly such inhibitors of cysteine and serine proteases, more particularly comppounds 
which inhibit cysteine proteases, even more particularly compounds which inhibit ( cysteine 
proteases of the papain superfamily, yet more particularly compounds which inhibbit 
cysteine proteases of the cathepsin family, most particularly compounds which inhhibit 
cathepsin K. Such compounds are particularly useful for treating diseases in whicbh 
10 cysteine proteases are implicated, especially diseases of excessive bone or cartilagee loss, 
e.g., osteoporosis, periodontitis, and arthritis. 

BACKGROUND OF THE INVENTION 

Cathepsins are a family of enzymes which are part of the papain superfamiiily of 

15 cysteine proteases. Cathepsins B, H, L, N and S have been described in the literatuure. 
Recently, cathepsin K polypeptide and the cDNA encoding such polypeptide were : 
disclosed in U.S. Patent No. 5,501,969 (called cathepsin O therein). Cathepsin K hhas been 
recently expressed, purified, and characterized. Bossard, M. J., et al., (1996) J. Biooi Chem. 
271, 12517-12524; Drake, F.H., et al., (1996) /. Biol Chem. 271, 12511-12516; Bnromme, 

20 D., et al., (1996) /. Biol. Chem. 271; 2126-2132. 

Cathepsin K has been variously denoted as cathepsin O or cathepsin 02 in t the 
literature. The designation cathepsin K is considered to be the more appropriate onne. 

Cathepsins function in the normal physiological process of protein degradaation in 
animals, including humans, e.g., in the degradation of connective tissue. However,-, elevated 

25 levels of these enzymes in the body can result in pathological conditions leading to > disease. 
Thus, cathepsins have been implicated as causative agents in various disease states,;, 
including but not limited to, infections by Pneumocystis carinii, trypsanoma crazi. 
trypsanoma brucei brucei, and Crithidia fusiculata; as well as in schistosomiasis, mnalaria, 
tumor metastasis, metachromatic leukodystrophy, muscular dystrophy, amytrophy, , and the 

30 like. See International Publication Number WO 94/04172, published on March 3, 1 1994, 
and references cited therein. See also European Patent Application EP 0 603 873 AM, and 
references cited therein. Two bacterial cysteine proteases from P. gingivallis, calleed 
gingipains, have been implicated in the pathogenesis of gingivitis. Potempa, J., et aal. 
(1994) Perspectives in Drug Discovery and Design, 2, 445-458. 

35 Cathepsin K is believed to play a causative role in diseases of excessive bonne or 

cartilage loss. Bone is composed of a protein matrix in which spindle- or plate-shanped 
crystals of hydroxyapatite are incorporated. Type I collagen represents the major sotructural 
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protein of bone comprising approximately 90% of the protein matrix. The remainhing 10% 
of matrix is composed of a number of non-collagenous proteins, including osteocalcin, 
proteoglycans, osteopontin, osteonectin, thrombospondin, fibronectin, and bone 
sialoprotein. Skeletal bone undergoes remodelling at discrete foci throughout life These 
5 foci, or remodelling units, undergo a cycle consisting of a bone resorption phase ftfbllowed 
by a phase of bone replacement. 

Bone resorption is carried out by osteoclasts, which are multinuclear cells s of 
hematopoietic lineage. The osteoclasts adhere to the bone surface and form a tight t sealing 
zone, followed by extensive membrane ruffling on their apical (i.e., resorbing) sunrface. 

10 This creates an enclosed extracellular compartment on the bone surface that is aciddiried by 
proton pumps in the ruffled membrane, and into which the osteoclast secretes proteolytic 
enzymes. The low pH of the compartment dissolves hydroxyapatite crystals at thee bone 
surface, while the proteolytic enzymes digest the protein matrix. In this way, a ressorption 
lacuna, or pit, is formed. At the end of this phase of the cycle, osteoblasts lay dowvn a new 

1 5 protein matrix that is subsequently mineralized. In several disease states, such as 
osteoporosis and Paget' s disease, the normal balance between bone resorption andi 
formation is disrupted, and there is a net loss of bone at each cycle. Ultimately, thhis leads 
to weakening of the bone and may result in increased fracture risk with minimal tnrauma. 
Several published studies have demonstrated that inhibitors of cysteine prcoteases 

20 are effective at inhibiting osteoclast-mediated bone resorption, and indicate an esssential 

role for a cysteine proteases in bone resorption. For example, Delaisse, et al., Bioochem. J., 
1980, 792, 365, disclose a series of protease inhibitors in a mouse bone organ cultuure 
system and suggest that inhibitors of cysteine proteases (e.g., leupeptin, Z-Phe-Alaa-CHN2) 
prevent bone resorption, while serine protease inhibitors were ineffective. Delaissse, et al, 

25 Biochem. Biophys. Res. Commun., 1984, 725, 441, disclose that E-64 and leupeptirin are also 
effective at preventing bone resorption in vivo, as measured by acute changes in seerum 
calcium in rats on calcium deficient diets. Lerner, et al., J. Bone Min. Res., 1992, : 7, 433, 
disclose that cystatin, an endogenous cysteine protease inhibitor, inhibits PTH stinmulated 
bone resorption in mouse calvariae. Other studies, such as by Delaisse, et al., Bonne, 1987, 

30 8, 305, Hill, et al, J. Cell Biochem., 1994, 56*. 1 18, and Everts, et al, J. Cell PhyssioL, 
1992, 750, 221, also report a correlation between inhibition of cysteine protease acctivity 
and bone resorption. Tezuka, et al, J. Biol. Chem., 1994, 269, 1 106, Inaoka, et ail., 
Biochem. Biophys. Res. Common., 199S, 206, 89 and Shi, et al., FEBS Lett., 1995, , 357, 129 
disclose that under normal conditions cathepsin K, a cysteine protease, is abundantitly 

35 expressed in osteoclasts and may be the major cysteine protease present in these ceells. 

The abundant selective expression of cathepsin K in osteoclasts strongly seuggests 
that this enzyme is essential for bone resorption. Thus, selective inhibition of cathhepsin K 
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may provide an effective treatment for diseases of excessive bone loss, including, bout not 
limited to, osteoporosis, gingival diseases such as gingivitis and periodontitis, Pageet's 
disease, hypercalcemia of malignancy, and metabolic bone disease. Cathepsin K leevels 
have also been demonstrated to be elevated in chondroclasts of osteoarthritic synov.vium. 
5 Thus, selective inhibition of cathepsin K may also be useful for treating diseases off 

excessive cartilage or matrix degradation, including, but not limited to, osteoarthrititis and 
rheumatoid arthritis. Metastatic' neoplastic cells also typically express high levels oof 
proteolytic enzymes that degrade the surrounding matrix. Thus, selective inhibition! of 
cathepsin K may also be useful for treating certain neoplastic diseases. 

10 Several cysteine protease inhibitors are known. Palmer, (1995) J. Med. Chaem., 38, 

3193, disclose certain vinyl sulfones which irreversibly inhibit cysteine proteases, ssuch as 
the cathepsins B, L, S, 02 and cruzain. Other classes of compounds, such as aldehyydes, 
nitriles, a-ketocarbonyl compounds, halomethyl ketones, diazomethyl ketones, 
(acyloxy)methyl ketones, ketomethylsulfonium salts and epoxy succinyl compoundds have 

15 also been reported to inhibit cysteine proteases. See Palmer, id, and references citecd 
therein. 

U.S. Patent No. 4,518,528 discloses peptidyl fluoromethyl ketones as irreveersible 
inhibitors of cysteine protease. Published International Patent Application No. WO) 
94/04172, and European Patent Application Nos. EP 0 525 420 Al, EP 0 603 873 A\l, and 

20 EP 0 61 1 756 A2 describe alkoxy methyl and mercaptomethyl ketones which inhibitit the 
cysteine proteases cathepsins B, H and L. International Patent Application No. 
PCT/US94/08868 and and European Patent Application No. EP 0 623 592 Al descrribe 
alkoxymethyl and mercaptomethyl ketones which inhibit the cysteine protease IL-1JP 
convertase. Alkoxymethyl and mercaptomethyl ketones have also been described aas 

25 inhibitors of the serine protease kininogenase (International Patent Application No. . 
PCT/GB91/01479). 

Azapeptides which are designed to deliver the azaamino acid to the active ssite of 
serine proteases, and which possess a good leaving group, are disclosed by Elmore i et al., 
Biochenu J., 1968, 107, 103, Garker et al., Biochenu J., 1974, J 39, 555, Gray et al, , 
30 Tetrahedron, 1977, 33, 837, Gupton et al, J. Biol Chenu, 1984, 259, 4279, Powers i et al, J. 
Biol Chenu, 1984, 259, 4288, and are known to inhibit serine proteases. In additionn, J. 
Med. Chenu, 1992, 35, 4279, discloses certain azapeptide esters as cysteine proteasee 
inhibitors. 

Antipain and leupeptin are described as reversible inhibitors of cysteine prootease in 
35 McConnell et al., J. Med. Chenu, 33, 86; and also have been disclosed as inhibitors t of 

serine protease in Umezawa et ah, 45 Meth. Enzymol. 678. E64 and its synthetic annalogs 
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arc also well-known cysteine protease inhibitors (Barrett, Biochem. J., 201 , 189, annd 
Grinde, Biochem. Biophys. Acta, , 707, 328). 

1,3-diamido-propanones have been described as analgesic agents in U.S. PPatent 
Nos.4,749,792 and 4,638,010. 
5 Thus, a structurally diverse variety of cysteine protease inhibitors have beeen 

identified. However, these known inhibitors are not considered suitable for use as ; 
therapeutic agents in animals, especially humans, because they suffer from various s 
shortcomings. These shortcomings include lack of selectivity, cytotoxicity, poor scolubility, 
and overly rapid plasma clearance. A need therefore exists for methods of treating % diseases 
10 caused by . pathological levels of cysteine proteases, including cathepsins, especially 
cathepsin K, and for novel inhibitor compounds useful in such methods. 

We have now discovered a novel class of bis-arninomethyl carbonyl compoounds 
which are protease inhibitors, most particularly of cathepsin K. 

1 5 SUMMARY OF THE INVENTION 

An object of the present invention is to provide bis-aminomethyl carbonyl j protease 
inhibitors, particularly such inhibitors of cysteine and serine proteases, more particularly 
such compounds which inhibit cysteine proteases, even more particularly such comnpounds 
which inhibit cysteine proteases of the papain superfamily, yet more particularly suuch 
20 compounds which inhibit cysteine proteases of the cathepsin family, most particularly such 
compounds which inhibit cathepsin K, and which are useful for treating diseases wbhich 
may be therapeutically modified by altering the activity of such proteases. 

Accordingly, in the first aspect, this invention provides a compound accordding to 
Formula L 

25 In another aspect, this invention provides a pharmaceutical composition coDmprising 

a compound according to Formula I and a pharmaceutically acceptable carrier, diluuent or 
excipient. 

In yet another aspect, this invention provides intermediates useful in the 
preparation of the compounds of Formula I. 

30 In still another aspect, this invention provides a method of treating diseases^ in 

which the disease pathology may be therapeutically modified by inhibiting proteasees, 
particularly cysteine and serine proteases, more particularly cysteine proteases, eveen more 
particularly cysteine proteases of the papain superfamily, yet more particularly cyscteine 
proteases of the cathepsin family, most particularly cathepsin K- 

35 In a particular aspect, the compounds of this invention are especially usefultl for 

treating diseases characterized by bone loss, such as osteoporosis and gingival diseeases, 
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such as gingivitis and periodontitis, or by excessive cartilage or matrix degradationn, such as 
osteoarthritis and rheumatoid arthritis. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides compounds of Formula I: 



R 1 , R.2 and are independently H; Cj_6 alkyl, preferably methyl or isobuutyl; C3_ 
licycloalkyl; C2-6 alkenyl; C2-6 alkynyl; Ar, preferably phenyl; Het; Ci_6 alkyl-/ Ar, 
preferably benzyl; C3-1 icycIoalkyl-Ar; C2-6 alkenyl-Ar; C2-6 alkynyl-Ar; Ci_6 aklkyl-Het, 
preferably isonicotinyl; C3.1 icycloalkyl-Het; C2-6 alkenyl-Het; or C2-6 alkynyl-HIet; 

R 4 is N-(R°)-NHCH(Ci_6 alkyI)-CO, preferably N-R 6 -leucinyl-, 
N-R 6 -norleucinyl-, N-R^-norvalinyl-, N-R 6 -isoleucinyl-, N-R 6 -ct-allyl-glycinyK W-R^-a- 
(cyclopropylmethyl)-glycinyl-, N- -r^rr-butyl-alaninyl, or N-R^-homo-leucinyH-; N,N- 
R 6 -<Ci_6 alky 1)-N(C i_6 alkyl)-CO, preferably N,N-R 6 -methyl-leucinyl-; N-(R 6 )- 
NHCH(C2-6 alkenyl)-CO-; N-(R 6 )-NHCH(C2-6 alkynyl)-CO-; N-(R 6 )-NHCH(Ci H _6 alkyl- 
Ar)-CO-; N-(R 6 )-NHCH(C2-6 alkenylAr)-CO-; N-(R 6 )-NHCH(C2-6 alkynyl-Ar)<CO-; 
N-(R 6 )-NHCH(Ci_6 alkyl-Het)-CO-; N-(R 6 )-NHCH(C2-6 alkenyl-Het>-CO-; 
N-(R 6 )-NHCH(C2-6 alkynyl-Het)-CO-; ArCO, preferably 3-phenoxy-benzoyl, 4-phhenoxy- 
benzoyl-, or 2-benzyloxy benzoyl-; Ar-Ci-6 alkyl-CO, preferably 4-biphenyl acetyl-1-, 2-(4- 
biphenyl)-4-methyl-valeryl, 2-(3-biphenyl)-4-methyl-valeryl, l-(3-biphenyl)-but-3-eene- 1 - 
carbonyl, 1 -(3-biphenyl)-ethy I-2-cyclopropane- 1-carbonyl, 1 -(3-bipheny I)-3-methyM-but-3- 
ene- 1-carbonyl, 3-(2-pyridyl)-phenyl acetyl, or 3<3-pyridyl)-phenyl acetyl; Ar-S022» 
preferably 3-phenoxy-phenyl sulfonyl, 4-phenoxy-phenyl sulfonyl, or 3-(4-(3-chlorco-2- 
cyano-phenoxy)-phenyl sulfonyl-; Ar-Ci-6 alkyI-S02; Het-CO; Het-Ci-6 alkyl-COD; Het- 
SO2, preferably 8-quinoline sulfonyl-; or Het-Ci-6 alkyl-S02; 

R 5 is N-R 7 -amino acid, preferably N-(R 7 )-NHCH(Ci_6 alkyl)-CO, more poreferably 
N-R 7 -leucinyl-, N-R 7 -norleucinyI-, N-R 7 -norvalinyl-,N-R 7 -isoleucinyl-, N-R 7 -<x-aldlyI- 
glycinyl-, N-R 7 -o>(cyclopropylmethyl)-glycinyl-, N-R 7 -(3-f€rr-butyI-alaninyl-, or NJ-R 7 - 
homo-leucinyl-, preferably N-(R 7 )-NHCH(C2-6 alkenyl)-CO-, preferably N-<R 7 )- 



R 




I 



wherein: 
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NHCH(C2-6 a!kynyl)-CO-, preferably N-(R 7 )-NHCH(Ci_6 alkyI-Ar)-CO-, more poreferably 
N-(R 7 )-phenylalaninyl-, preferably N-(R 7 )-NHCH(C2-6 alkenylAr)-CO-, preferably N- 
(R 7 )-NHCH(C2-6 alkynyl-Ar>-CO, preferably R 7 -y-t-butyl-glutamyl-, preferably FR 7 - 
glutamyl-, or preferably N,N-R 7 -( Cj-C^ alkyl)-leucinyl-; Ci_6 alkylCO, preferably acetyl-; 
5 C3-I jcycloalkyl-CO; ArCO, preferably benzoyl-, 3-phenoxy-benzoyl, 4-phenoxy-bbenzoyK 
2-benzyloxy benzoyl-, 3-benzyloxy benzoyl-, or 4-benzyIoxy benzoyl-; Ar-Ci_6 alkkyl-CO, 
preferably 2-(4-biphenyl)-4-methyl-valeryl, 2-(3-biphenyl)-4-methyl-valeryl, l-<3- 
biphenyl)-but-3-ene- 1-carbonyl, l-(3-bipheny l)-ethyI-2-cyclopropane- 1-carbonyl, 14-(3- 
biphenyl)-3-methyl-but-3-ene- 1 -carbonyl, l-(3-biphenyl)-but-3-ene- 1-carbonyl, 3-(22- 

10 pyridyl)-phenyl acetyl, 3-(3-pyridyl)-phenyl acetyl, 4-biphenyl acetyl-, or 3-biphenyyl acetyl- 
; Ar-SC>2, preferably 3-biphenyl sulfonyl-, 4-cyano-phenyl sulfonyl, 2-carboxyl-pheenyl 
sulfonyl, 2-carboxymethyl-phenyl sulfonyl-, 4-C-tetrazole-phenyl sulfonyl, l-naphtlthalene 
sulfonyl, 3-phenoxy-phenyl sulfonyl, 4-phenoxy-phenyl sulfonyl, 3-(4-(3-chIoro-2-ccyano- 
phenoxy)-phenyI sulfonyl-, 4-biphenyl sulfonyl-, or 2-dibenzofuran-suIfonyl; Ar-Cn-6 

15 alkyl-S02; Het-CO, preferably 8-quinoline carbonyl-, 6-quinoline carbonyl-, 2-pyriddine 

carbonyl, 5-(2-pyridyl)-thiophene carbonyl, N-benzyl-4-piperidinyl carbonyl, or 2-qquinoline 
carbonyl-; Het-Ci-6 alkyl-CO; Het-SC>2, preferably 2-pyridyl sulfonyl, l,3-dimethyVl-5- 
chloro-pyrazole-4-sulfonyl, 3,5-dimethyl-isoxazole-4-suIfonyl, benzo-2, l,3-thiadiazeoIe-4- 
sulfonyl, phenyl-sulfone-5-thiophene-2-sulfonyl-, 2-carboxymethyl thiophene-sulfonnyl, 2,5- 

20 dichlorothiophene-3-sulfonyl-, or 8-quinoline sulfonyl; Ci-6 alkyl; Ar-Co-6 alkyl, 
preferably phenyl; 
Het-Co-6 alkyl-; 

R 6 and R 7 are independently Ar-( Ci_6 alkyl)-0-CO, preferably 
25 benzyloxycarbonyl; Het-( Ci_6 alkyl)-0-CO, preferably 2-pyridyl methyloxycarbonnyl , 3- 
pyridyl methyloxycarbonyl, or 4-pyridyl methyloxycarbonyl; Ar-CO, preferably bennzoyl-, 

1- naphthoyK 2-naphthoyl-, 4-phenoxy-benzoyl-, 3-phenoxy-benzoyl-, 2-phenoxy-beenzoyl- t 

2- chloro-benzoyI-, 4-fluoro-benzoyl, 3,4-difluoro benzoyl-, 4-trifluoromethyl benzoyyl-, 2- 
chlorobenzoyl-, 4-carboxymethyl-benzoyl-, or 4-carboxyl-benzoyl-; AT-SO2; Het-CCO, 

30 preferably 2-pyridyl carbonyl-, 3-pyridyl carbonyl, 4-pyridyl carbonyl-, 

2-quinoIine carbonyl-, 3-quinoline carbonyl-, 4-quinoline carbonyl-, 5-quinoline carfcbonyl-, 
6-quinoline carbonyl-, 7-quinoline carbonyl-, 8-quinoline carbonyl-, 1-isoquinoline 
carbonyl-, 3- isoquinoline carbonyl-, 4- isoquinoline carbonyl-, 5- isoquinoline carboonyl-, 6- 
isoquinoline carbonyl-, 7- isoquinoline carbonyl-, 8- isoquinoline carbonyl-, 1- 

35 benzothiophene carbonyl-, I -benzofurancarbony 5-indole-carbonyl-sulfonyl-, N-nmethyl- 
prolinyl-, 2-quinoxaline-carbonyl- t 5-(2,3-dihydrobenzoruran-carbonyl-, 2-benzofuraan- 
carbonyl-, 2-benzothiophene-carbonyl-, N-morpholino-carbonyl-, N-methyl-piperidiiine- 
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carbonyl-, or N-pyrazole-carbonyl-; Het-S02, preferably 2-pyridyl sulfonyl-, 3-pyirridyl 
sulfonyl, 4-pyridyl sulfonyl, 2-quinoline sulfonyl-, 3-quinoline sulfonyl-, 4-quinoIHine 
sulfonyl-, 5-quinoline sulfonyl-, 6-quinoline sulfonyl-, 7-quinoline sulfonyl-, 8-quiiinoline 
sulfonyl-, 1- isoquinoline sulfonyl-, 3- isoquinoline sulfonyl-, 4- isoquinoline sulfobnyl-, 5- 
5 isoquinoline sulfonyl-, 6- isoquinoline sulfonyl-, 7- isoquinoline sulfonyl-, or 8- 

isoquinoline sulfonyl-; Ci-6 alkyl-CO, preferably acetyl; N,N^dimcthyl glycinyl-; < C3- 

1 fcycloalkyl-CO, preferably rra/tr-4-propyl-cyclohexyI-carbonyl-, or cyclohexyl-ccarbonyl-; 

C1-6 alkyl-S0 2 ; C2-6 alkenyl-CO; 

C2-6 alkenyl-S0 2 ; C2-6 alkynyl-CO; C 2 -6 alkynyI-S0 2 ; ArQ-6 alkyl-CO; ArC 14^ alkyl- 
10 S0 2 ; ArC 2 -6 alkenyl-CO; ArC 2 _6 alkenyI-S02; Ar-C 2 -6 alkynyl-CO; 

Ar-C2-6 alkynyl-S0 2 ; Het-Ci-6 alkyl-CO, preferably 4-imidazole acetyl-, 2-pyrid.4yl acetyl, 
3-pyridyl acetyl, 4-pyridyl acetyl-, or N-morpholine acetyl-; Het-Ci_6 alkyl-S02; IHet-C2-6 
alkenyl-CO; Het-C2-6 alkenyl-S0 2 ; Het-C2-6 alkynyl-CO; or Het-C 2 _6 alkynyl-SS0 2 ; 

15 and pharmaceutically acceptable salts, hydrates and solvates thereof. 

Compounds of Formula I wherein R*, R^ or R 3 is H are preferred. 
Even more preferred are compounds of Formula I wherein: 
R 1 is H or Ci-6 alkyl, preferably methyl; 

20 R 2 and R 3 are H; 

R 4 is N-(R 6 )-NHCH(Ci_6 alkyl)-CO, preferably N-R 6 -leucinyl, more preferably 
N-(2-pyridyl carbonyl)-leucinyI, N-(8-quinoline carbonyl)-leucinyl t N-(6-quinolinae 
carbonyl)-leucinyl, N-(2-quinoline carbonyl)-Ieucinyl, N-(4-imidazole acetyl)-leuccinyl, N- 
benzoyl-leucinyl, N-(2-pyridyl sulfonyl)-leucinyI, N-(l- isoquinoline carbony!)-Ieuucinyl, N- 

25 (N-morpholine acetyl)-leucinyl, N-(N-methyl prolinyl)-leucinyl, N-(N, N-dimethyH 
glycinyl)-leucinyl, N-(8-quinoline sulfonyl)-leucinyl, N-Cbz-leucinyl, N- 
pentafluorobenzoyl-leucinyl, N-2-naphthoyl-leucinyI, N-l-naphthoyl-Ieucinyl, N-44- 
fluorobenzoyl-leucinyl, N-(4-trifluoromethyI benzoyI)-leucinyl N-3,4-difluorobenzzoyI- 
leucinyl, N-3,4-dimethoxybenzoyl-leucinyl, N-(l-benzothiophene-carbonyl)-leucinnyl, N- 

30 (2-benzothiazole-carbonyl)-leucinyl, N-(5-benzothiophene-carbonyl)-leucinyl, N-«6- 
benzothiophene-carbonyl)-leucinyl, N-(5-indole-carbonyl)-Ieucinyl, N-(/ranj-4-prcopyl 
cyclohexyl-carbonyl)-leucinyl, N-(2-quinoxaline-carbonyl)-leucinyl, N-5-(2,3-dihyydro- 
benzofuran)-carbonyl)-leucinyl, N-(2-benzofuran-carbonyl)-leucinyl, N-<N-methyM-2- 
indole-carbonyl)-leucinyl, N-(2-chloro-benzoyl-carbonyl)-leucinyl, N-(4-phenoxy--phcnyl- 

35 carbonyO-leucinyl, N-(3-methoxy-2-quinoline-carbonyl)-leucinyl, N-(2-pyridyl- 

methyleneoxy-<:arbonyl)-leucinyl or N-(cyclohexyl-carbonyl)-leucinyl; or preferabbly N-R*>- 
norleucinyl-, more preferably N-Cbz-norleucinyl, N-(2-naphthyl-carbonyl)-norleuccinyl, N- 
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(3,4-dimethoxy-benzoyl)-norleucinyl, or N-(5-bcnzothiophene-carbony!)-norleucinnyl; or 
preferably N-R^-norvalinyl, more preferably N-Cbz-norvalinyl; or preferably N-R^- 
isoleucinyl, more preferably N-Cbz-isoleucinyl; or preferably N-R^-ct-aUyl-glycinyyl; more 
preferably N-Cbz-a-allyl-glycinyl; or N,N-R 6 -(Ci-6 aIkyl)-N(Ci_6 alkyl)-CO ( preferably 
5 N,N-R^-methyl-leucinyl-, more preferably N-Cbz-N-methyl-leucinyl-; or preferablyy N-R^- 
a-(cyclopropylmethyl)-glycinyl- t more preferably N-Cbz-a-(cyclopropylmethyl)-glilycinyI-; 
or preferably N-R^- L-p-rerr-butyl-alaninyi, more preferably N-Cbz-L-p-rerr-butyl-f-alaninyl- 
, or Ar-Ci-6 alkyl-CO, preferably 2-(3-biphenyl)-4-methyl-valeryl, or l-(3-biphenyM)-but-3- 
ene- 1 -carbonyl, 1 -(3-bipheny l)-ethyl-2-cyclopropane- 1-carbony I; 

10 R 5 is N-R 7 -norvalinyl- t preferably N-Cbz-norvalinyl-; Ar-Cj-6 alkyl-CO, ppreferably 3-(2- 

pyridyl)-phenyl acetyl, 3-(3-pyridyl)-phenyl acetyl, 3-(3-btphenyl)-3-methyl-but-3-<-ene- 1-carbony 1, or 
2-(3-biphenyl)-but-3-ene-l -carbonyl; or Het-S02, preferably 2-pyridyl sulfonyl, 8-qquinoline sulfonyl-, 
1 ,3-dimethyl-5-chloro-pyrazoIe-4-sulfonyl, 3,5-dimethyl-isoxazole-4-suIfonyI, benzeo-2, 1 ,3-thiadiazoIe- 
4- sulfonyl, or 3-biphenyI sulfonyl; or Het-CO, preferably 8-quinolone carbonyl, 5-(-(2-pyridine)- 

15 thiophene-carbonyl, N-benzyI-4-piperidinyl carbonyl, 2-quinoline carbonyl or 2-pyrridine-carbonyl; or 
ArCO, preferably 4-phenoxy-phenyI-carbonyl, or 2-(3-biphenyl)-3-methyl-valeryI; > Ar-S02» preferably 
2-carboxymethyl-phenyl-sulfonyl t 2-carboxyl-phenyl-sulfonyl, 4-C-tetrazoIe-phenyH-sulfonyl, 1- 
naphthalene-sulfonyl, or 2-cyano-phenyl-suIfonyI; or Ar-Co-6 alkyl-, preferably phoenyl. 
Yet more preferred are compounds of Formula I wherein: 

20 R* is H or Ci-6 alkyl, preferably methyl; 

R 2 and R 3 are H; 

R 4 is N-(R 6 )-NHCH(Ci.6 alkyl)-CO, preferably N-R 6 -leucinyl, more prefeerably 
Cbz-leucinyl, 2-naphthoyl-leucinyl, 4-fluorobenzoyl-leucinyl, 3,4-dimethoxybenzopyl- 
leucinyl, (l-beiizotruophene-carbonyl)-leucinyl, (2-quinoxaline-carbonyl)-leucinyl, , S-(2,3- 
25 dihydro-benzofuran)-carbonyl)-leucinyl, (2-benzomran-carbonyl)-leucinyI; or N-R^- 

norleucinyl, more preferably (2-naphthyl-carbonyl)- norleucinyl, (3,4-dimethoxy-beenzoyl)- 
norleucinyl, or (5-benzothiophene-carbonyl)-norleucinyl; or Ar-Cj^ alkyl-CO, prefeferably 
2-(3-biphenyl)-4-methyl-valeryI; and 

R 5 is Ar-Ci-6 alkyl-CO, preferably 3-(2-pyridyl>phenyl acetyl; or Het-SO?2, preferably 2- 
30 pyridyl sulfonyl. 

Compounds of Formula I selected from the following group are particularlyy 
preferred embodiments of the present invention: 
1 -N-(N -(2-pyridyl c^irbonyl)-leucinyl)-amino-3-N-(2-pyridyl-sulfo^ 
one; 

35 l-N-(N-(8-quinoline carbonyl)-leucinyI)-amincH3-N-(2-pyridyl-sulfonyl)-arnmo-pnropan-2^^ 
1 -N-(N-(2-quinoli ne carbonyl)- leucinyl)-ami no-3-N-(2-pyridy l-sul f ony l)-amino-pnropan-2-one; 
l-N-(N-(4-imidazole acetyl)-leucinyl)-amino-3-N-(3-biphenyl sulfonyl)-amino-proppan-2-one; 
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1 -N-(N-(2-py ridyl-carbonyl)-IeucinyI)-amino-3-N-(8-quinoIine carbonyl)-amino-f-propan-2-one; 

l-N-(N-benzoyl-leucinyl)-amino-3-N-(8-quinoline caibonyI)-amino-propan-2-onee; 

1 -N-(N-(2-py ridyl sulfonyI)-leucinyl)-amino-3-N-(8-quinoline caibonyI)-amino-ppnopan-2-one; 
- l-N-(N-(8-quinoline caxbonyl)-leucinyI)-amino-3-N-(8-quinoline cait>onyl)-amiiiao-propan-2-one; 
5 1-N-(N-(1 -isoquinoIine-carbonyI)-leucinyl)-amino-3-N-(8-quinoline carbonyI)-amnino-propan-2-one; 

I-N-(N-(N-morpholine-acetyl)-Ieucinyl)-amino-3-N-(8-quinoline carbonyI)-aminoo-propan-2-one; 

l-N-(N-(N-methyl proIinyl)-leucinyl)-axnino-3-N-(8-quinoline carbonyl)-amino-pDropan-2-one; 

l-N-(N-(N t N-dimethyl glycinyl)-leucinyl)-amino-3-N-(8-quinoIine carbonyl)-amhino-propan-2-one; 

l-N-(N-(8-quinoline sulfonyIHeucinyI)-amino-3-N<8^uinolineca^ 
1 0 l-N-(N-Cbz-Ieucinyl)-amino-3-N-(3-(2-pyridyl)-phenyI acetyl)-amino-propan-2-oone; 

l-N-(N-pentafluorobenzoyI-Ieucinyl)-aitiino-3-N-(3-(2-pyridyl>-phenyl acctyl)-arrmino-propan-2-one; 

l-N-(N-2-naphthoyl-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acety l)-amino-proopan-2-one; 

l-N-(N-l-naphthoyl-leucinyl)-amino-3-N-<3-(2-pyridyI)-phenyl acety l)-amino-pruopan-2-one; 

l-N-(N-(2-pyridyl-carbonyl)-leucinyI)-amino-3-N-(3-(2-pyridyl)-phenyl acety l)-anmino-propan-2-one; 
15 l-N-(N-4-fluorobenzoyl-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acety l)-aminoo-propan-2-one; 

l-N-(N-3,4-difluorobenzoyl-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyl )-anmino-propan-2-one; 

l-N-(N-3,4-dimethoxybenzoyl-leucinyI)-amino-3-N-(3-(2-pyridyI)-phenyl acety l)-)-amino-propan-2- 

one; 

l-N-CN-(l-benzothiophene-carbonyl)-leucinyl)-amino-3-N-<3-(2-pyridyl)-phenyl aacetyl)-amino- 
20 propan-2-one; 

l-N<N-(5-indole-carbonyI)-Ieucinyl)-amino-3-N-(3-(2-pyridyl)-phenyI acetyl)-anmino-propan-2-one; 
1 -N-( N-Cbz-isoleucinyl)-amino-3-N-(3-(2-pyridyl)-pheny 1 acetyI)-amino-proparn-2-one; 
1 -N-( N-Cbz-norvalinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acety l)-amino-propan-2-2-one; 
1 -N-( N-Cbz-a-allyl-glycinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyl)-amino-prcopan-2- 
25 one; 

1 -N-( N-Cbz-norleucinyl)-amino-3-N-<3-<2-pyridyI)-pheny 1 acety i)-amino-propan-i-2-one; 

1- N-( N-Cbz-N-methyl-Ieucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyl)-amino-j-propan- 

2- one; 

1 -N-( N-Cbz-a-(cyclopropyl)-methy I-glyciny l)-arai no-3 -N-(3-(2-pyridyl)-pheny 1 z acety 1)- 
30 amino-propan-2-one; 

l-NKN-benzyloxycajtK>nyl-I^p-ferr-butylalanin^^ 
acety l)-amino-propan-2-one; 

l_N^2-(3-biphenyI)^methyl-vaIeryl)-amincH3-N-(2-p)ridyl-sulfonyI)-ainino-proppan-2- 
one; 

35 l-N^2-(3-biphenylM-methylwaieryl)-ajnino-3-N^2-caiboxymethyl-phenyl-sulfoon 
amino-propan-2-one; 
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l-N-(2-(3-biphenyl)^methyl-valeryl)-amino-3-N^4-<;yaiio-phenyl-sulfonyl)-aminno- 
propan-2-one; 

l-N-(2-(3-biphenyI)-4-methyI-valeryl)-amino-3-N-(8-quinoline carbonyI)-amino-pDropan-2- 
one; 

5 l-N-(2-C3-biphcnyl)-^methyl-vaIeryI)-aTnino-3-N-(3-(2-pyridyI)-phenyl acetyl)-anmino- 
propan-2-one; 

l-N-(2-(3-biphenyl)-4-methyl-valeryl)-amino-3-N-(3-(3-pyridyl)-3-phenyl acetyI)-t-amino- 
propan-2-one; 

l-N-(2-(3-biphenyl)-4-niethyl-valcryl)-amino-3-N-(2-pyridine carbonyl)-amiiio-praopan-2- 
10 one; 

l-N-(2-(3-biphenylM-niethyl-valeryl)-aiTii^ 
amino-propan-2-one; 

l-N-(2-(3-biphenyI)-4-methyl-valeryl)-amino-3-N-( N-benzyI-4-piperidine-carbonyyl)- 
amino-propan-2-one ; 

15 1 -N-(2-(3-biphenyl)-4-methy 1-valeiy l)-amino-3-N-(2-quinoline-carbonyl)-amino-pDropan-2- 
one; 

l-N-(2-(3-biphenyl)^-methyl-valeryl)-amino-3-N-(2-carboxyl-phenyl-sulfonyI)-anmino- 
propan-2-one; 

l-N-(2-(3-biphenylM-methyl-valeryl)-amino-3-N^^ 
20 propan-2-one; 

l-N-(2-(3-biphenyl)-4-raethyI-valeryl)-amino-3-N-(3-(2-pyridyl-(phenyl acetyl)-aranino-(S)- 
butan-2-one; 

1 -N-(2-(3-biphenyl)-3-methyl-valeryl)- 1 -N-methy I-amino-3-N-(3-(2-pyridyl-(phennyl 
acetyl)-amino-propan-2-one; 
25 l-N-(N-2-pyridyl carbonyl-leucinyl)-amino-3-N-(4-phenoxy-phenyl carbonyl)-amiiino- 
propan-2-one; 

1 -N-(N-8-quinoline-carbony 1-leuciny I)-amtno-3-N-(4-phenoxy-phenyl carbonyl)-anmino- 
propan-2-one; 

l-N-(N-2-qutnoline-carbonyl-leucinyl)-amino-3-N-(4-phenoxy-phcnyl carbonyl)-aamino- 
30 propan-2-one; 

l-N-<N^Cbz-norvalinyl)-amino-3-N-(8^uinoline-sulfonyl)-amino-propan-2-one; 
l-N-(8^uinoline-sulfonyl)-amino-3-N-(8^uinoline-sulfonyl)-amino-propan-2-onee; 
l-N^2^3-biphenyl)-3-methyl-valeryl)-ainino-3-N-(8-quinoline -sulfonyl)-amino-ppropan-2- 
one; 

35 l-N-(2-(3-biphenyl)-3-methyl-valeryl)^^ 
amino-propan-2-one; 

l-N-(N-(Cbz-norvalinyl)-amino-3-N-(N^Cbz-noiA'alinyl)-amino-propan-2-one; 
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1 -N-( 1 -(3 -bipheny l)-but-3^ne- 1-carbOT^ 
propan-2-one; 

l-N-( l-(3-bipheny I)-but-3-ene- l-carbonyl)-amino-3-N-( l-(3-biphenyI)-but-3-ene-l 1 - 
carbonyl)-propan-2-one; 

5 l-N-(l-(3-biphcnyl)-cthyl-2-cycIopropane-l-carbonyI)-amino- 3-N-(3-(2-pyridyl)-»-phenyl acetyl)- 
amino-propan-2-one; 

l-N-(2-(3-biphenyl)-3-methyl-but-3-ene- l-caibonyl)-amino- 3-N-(3-(2-pyridyl)-pbhenyl acetyl)-amino- 
propan-2-one; 

l-N-(l-(3-biphenyl)-3-mcthyl-but-3-ene- l-caibonyl)-amino - 3-N-(l-(3-biphenyl)-J-3-methyl-but-3-ene- 
10 1 -carbony l)-amino-propan-2-one; 

1 -N-(N-(trans-4-propyI cycIohexyl-carbonyl)-leucinyl)-amino-3-N-(3-(2-pyridyl)-*-phenyI acetyl)- 
amino-propan-2-one; 

l-N-(N-(2-quinoxaline-carbonyI)-Ieucinyl)-amino-3-N-(3-(2-pyridyI)-phenyI acet*yI)-amino-propan-2- 
one; 

15 l-N-(N-(5-(2,3Klihydro-benzofuran)^arbonyl)-leucinyI)-amino-3-N-(3-(2-pyridyl'l)-phenyl acetyl)- 
amino-propan-2-one; 

1 -N-(N-(N-methy l-2-indole-carbony!)-leuciny I)-amino-3-N-(3-(2-pyridyI)-phenyl 1 acetyI)-amino- 
propan-2-one; 

l-N-(N-(cyclohexyl-carbonyl)-Ieucinyl)-amino-3-N-(3-(2-pyridyI)-phenyl acetyl)-(-amino-propan-2-one; 
20 1 -N-(N-(2-chloro-benzoyl)-leucinyl)-amino-3-N-(3-(2-pyridyI)-phenyl acetyI)-amhino-propan-2-one; 
l-N-(N-(2-benzofuran-carbonyl)-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyyl)-amino-propan-2- 
one; 

1 -N-(N-(3-phenoxy-pheny 1-carbony l)-leuctny l)-amino-3-N-(3-(2-pyridyl)-phenyl < acetyi)-amino- 
propan-2-one; 

25 l-N-(N-(4-phenoxy-phenylK^ibony!)-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyI i acetyl)-amino- 
propan-2-one; 

1 -N-(N-(3-methoxy-2-quinoline-caibonyl)-leuciny I)-amino-3-N-(3-(2-py ridy l)-pheenyl acetyl)-amino- 
propan-2-one; 

l-N-(N-Cbz-leucinyl)amino-3-N-(3-(2-pyridyl-(phenyl acetyI)-amino-(S)-butan-2-J-one; 
30 l-N-(N-(4-fluorobenzoyl)-leucinyl)ainino-3-N-(3-(2-pyridyl-(phenyl acetyI)-aminao-(S)-butan-2-one; 
l-N-(N-(2-benzothiophene-carbonyI)-leucinyl)amino-3-N-(3-(2-pyridyl-<phcnyl aacetyl)-amino-(S)- 
butan-2-one; 

1 -N-(N -<2-py ridy l-methyleneoxy-carbonyl)-leucinyl)-amino-3-N-( 1 -naphthalene SBUlf ony 1)- 
amino-propan-2-one; 

35 I-N-(N^2-pyridyl-methyleneoxyK;arbonyl)-leucinyl)-amino-3-N-(l,3-dimethyl-5H-<:hloro- 
pyrazole-4-sulfonyl)-amino-propan-2-one; 
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1 -N-(N<2-pyridyl-methyleneoxy-carbonyI)-leucinyI)-ainino-3-N-(benzo-2 f 1 ,3-thiriadiazoIe- 
4-sulfonyl)-amino-propan-2-one; 

l-N^-(2-pyridy!-methyleneoxyK:arbonyl)-leucmyl>-a^ 
4-sulfonyI)-amino-propan-2-one; 
5 l-N-(N-(4-trifluoromethyl benzoyI)-leucinyl)-araino-3-N-(3-(2-pyridyl)-phcnyl accetyl)- 
amino-propan-2-one; 

l-N-(N^6-benzthiazole-<^ut>onyl)-leucinyI)-amino-3-N-(3-(2-pyridyl)-phenyl acettyl)- 
amino-propan-2-one; 

l-N-(NK6^uinoline-«tfbonyI)-Ieucinyl)-aniino-3-N-(3-(2-pyridyl)-phenyl acetyI)-)-arnino- 
10 propan-2-one; 

l-N^K4-fluoro-bcnzoyl)-norleucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyl)-£-amino- 
propan-2-one; 

l-N-(N-(2-naphthyl-carbonyl)-norlcucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyyl)- 
amino-propan -2-one; 

1 5 l-N-(N-(3,4-dimethoxy-benzoyl)-norleucinyl)-amino-3-N-(3-(2-pyridyI)-phenyl aocetyl)- 
amino-propan-2-one; 

l-N-(N-(5-benzothiophene-carbonyI)-norleucinyI)-amino-3-N-(3-(2-pyridyI)-phen3iyI 
acetyI)-amino-propan-2-one; and 

(S)-3-N-(N-Cbz-leucinyl)-amino- 1 -N-(phenyl)-5- methyl -hexan-2-one. 

20 

Compounds of Formula I selected from the following group are most prefecrred 
embodiments of the present invention: 

l-N-(N-Cbz-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyl)-amino-propan-2-onne; 
l-N-(N-2-naphmoyl-leucinyl)-amino-3-N-(3-(2-pyridy!)-phenylacetyl)-amino-proppan-2-one; 
25 1 -N^^-fluorobenzoyl-leucinyl)-arnino-3-N-{3-(2-pyridyl)-phenyl acetyl)-amino-»-propan-2-one; 
1 -N-(N-3 ,4-dimethoxybenzoy l-leucinyl)-amino-3-N-(3-(2-py ridyl)-pheny 1 acetyl)-«-amino-propan-2- 
one; 

1 -N-(N-( 1 -benzothiophene-^aiix>nyl)-leuciny!)-arnino-3-N-(3-(2-pyridy I)-phenyI aacetyl)-amino- 
propan-2-one; 

30 1 -N-(N-(5-indole-carbonyl)-Ieucinyl)-aniino-3-N-(3-(2;pyridyl)-phenyl acetyl)-arnhino-propan-2-one; 
l_N-(2-(3-biphenyl)^memyl-valeryl)-amino-3-N-(2-pyridyl-sulfonyl)-arrdn 
one; 

l-N-(2-(3-biphenylM-methyl-valeryl)-amino-3-N-<3-<2-pyridyl)-phenyl acetyl)-amnino- 
propan-2-one; 

35 i -N-(N-(2-quinoxaline-carbonyl)-leuciny l)-amino-3-N-<3-(2-pyridyl)-phenyl acety W)-amino-propan-2- 
one; 
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l-N-(N-{5-(23^ihydrc^nzofuran)-carb^^ acetyl)- 
amino-propan-2-one ; 

I-N-G^K2-benzofuranK;arbonyI)-leucinyl)-amino-3-N-(3-<2-pyridyI)-phenyl acetyW)-arnino-propan-2- 
one; 

5 1 -N-(N-Cbz-Ieucinyl)araino-3-N-(3-(2-pyridy l-(pheny 1 acetyl)- amino-(S)-butan-2^-one; 

l-N<N^2-benzothiophenc^arbonyl)-leucinyl)amino-3-N-(3-(2-pyridyI-(phcnyl aocetyl)-amino-(S>- 
butan-2-one; 

1 -N-(N-(4-trifluoromethyl benzoyl)- leucinyl)-arnino-3-N-(3-(2-pyridy I) -phenyl aceety 1)- 
amino-propan-2-one; 

10 l-N-(N-<2-naphthyl-carbonyi)-norIeucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyyl)- 
amino-propan-2-one; 

1 -N-(N-(3 ,4-dimethox y-benzoy I) -norieuciny I)-amino-3-N-(3-(2-py ridyl) -phenyl accety 1)- 
amino-propan-2-one; and 

1 -N-(N-(5-benzothiophene-carbony l)-norleuciny l)-amino-3-N-(3 -(2-py ridyl) -phenyyl 
15 acetyl)-amino-propan-2-one. 

Definitions 

The present invention includes all hydrates, solvates, complexes and prodruugs of 
the compounds of this invention. Prodrugs are any covalently bonded compounds \ which 

20 release the active parent drug according to Formula I in vivo. If a chiral center or aanother 
form of an isomeric center is present in a compound of the present invention, all foDrms of 
such isomer or isomers, including enantiomers and diastereomers, are intended to bbe 
covered herein. Inventive compounds containing a chiral center may be used as a nracemic 
mixture, an enantiomerically enriched mixture, or the racemic mixture may be sepaarated 

25 using well-known techniques and an individual enantiomer may be used alone. In ceases in 
which compounds have, unsaturated carbon-carbon double bonds, both the cis (Z) aand trans 
(E) isomers are within the scope of this invention. In cases wherein compounds maay exist 
in tautomeric forms, such as keto-enol tautomers, each tautomeric form is contempblated as 
being included within this invention whether existing in equilibrium or predominanndy in 

30 one form. 

The meaning of any substituent at any one occurrence in Formula I or any 
subformula thereof is independent of its meaning, or any other substituent's meaninpg, at any 
other occurrence, unless specified otherwise. 

Abbreviations and symbols commonly used in the peptide and chemical ants are 
35 used herein to describe the compounds of the present invention. In general, the amiuno acid 
abbreviations follow the IUPAC-IUB Joint Commission on Biochemical Nomenclaature as 
described in Eur. J. Biochenu, 158, 9 (1984). 
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The term "amino acid" as used herein refers to the D- or L- isomers of alannine, 
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, hisGtidine, 
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine and valine. 
5 "Ci-Galkyi" as applied herein is meant to include substituted and un substituted 

methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl and t-butyl, pentyl, n-pentyl, iasopentyl, 
neopentyl and hexyl and the simple aliphatic isomers thereof. Any Ci^alkyl grouup may be 
optionally substituted independently by one to five halogens, SR\ OR', N(R')2, C(CO)N(R')2, 
carbamyl or Ci-4alkyl, where R' is Ci-6alkyl- CQalkyl means that no alkyl group i is 
10 present in the moiety. Thus, Ar-C()alkyl is equivalent to Ax. 

"C3-ncyclaalkyP as applied herein is meant to include substituted and 
unsubstituted cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptanee, 
cyclooctane, cyclononane, cyclodecane, cycloundecane. 

"C2-6 alkenyl" as applied herein means an alkyl group of 2 to 6 carbons wlherein a 
15 carbon-carbon single bond is replaced by a carbon-carbon double bond. C2-6alkennyl 
includes ethylene, 1-propene, 2-propene, 1-butene, 2-butene, isobutene and the seweral 
isomeric pentenes and hexenes. Both cis and trans isomers are included. 

"C2-6 alk yny l " means an alkyl group of 2 to 6 carbons wherein one carbon-t-carbon 
single bond is replaced by a carbon-carbon triple bond. C2-6 alkynyl includes acettyiene, 1- 
20 propyne, 2-propyne, 1-butyne, 2-butyne, 3-butyne and the simple isomers of pentyrne and 
hexyne. 

"Halogen" means F, CI, Br, and L 

"At" or "aryl" means phenyl or naphthyl, optionally substituted by one or nmore of 
Ph-Co_ 6 alkyl; Het-Coealkyl; C t _ 6 alkoxy; Ph-C^galkoxy ; Het-Co_6alkoxy ; OH, ( (CHq) i . 

25 6 NR 8 R 9 ; 0(CH2> ^NR^R 9 ; Ci^alkyl, OR', N(R') 2 , SR\ CF 3 , N0 2 , CN, C0 2 R7, 

CON(R*), F, CI, Br or I; where R 8 and R 9 are H, CQalkyl, Ph-Co_6alkyl t naphthyyl-CQ. 
galkyl or Het-Co_$alkyl; and R* is phenyl, naphthyl, or C i ^alkyl. 

As used herein M Het" or "heterocyclic" represents a stable 5- to 7-membereed 
monocyclic, a stable 7- to 10-membered bicyclic, or a stable 1 1- to 18-membered ^tricyclic 

30 heterocyclic ring which is either saturated or unsaturated, and which consists of carirbon 

atoms and from one to three heteroatoms selected from the group consisting of N, CO and S, 
and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized, and tithe 
nitrogen heteroatom may optionally be quaternized, and including any bicyclic grooup in 
which any of the above-defined heterocyclic rings is fused to a benzene ring. The 

35 heterocyclic ring may be attached at any heteroatom or carbon atom which results i in the 
creation of a stable structure, and may optionally be substituted with one or two mooieties 
selected from Co_ 6 Ar, CQalkyl, OR*, N(R')2, SR\ CF 3 , N0 2 . CN, CQ 2 R\ CONOR 1 ). F, 
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CI, Br and I, where R' is phenyl, naphthyl, or C\^$a]kyh Examples of such heteroccycles 
include piperidinyl, piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyI, 2-HOxopyrroIoodinyl, 2- 
oxoazepinyl, azepinyl, pyrrolyl, 4-piperidonyl, pyrrolidinyl, pyrazolyl, pyrazolidinnyl, 
imidazolyl, pyridyl, pyraztnyl, oxazolidinyl, oxazolinyl, oxazolyl, isoxazolyl, moqrpholinyl, 
5 thiazolidinyl, thiazolinyl, thiazolyl, quinuclidinyl, indolyl. quinolinyl, isoquinolinyyl, 
benzimidazolyl, benzopyranyl, benzoxazolyl, furyl, pyranyl, tetrahydrofuryl, 
tetrahydropyranyl, thienyl, benzoxazolyl, thiamorpholinyl sulfoxide, thiamorpholiiinyl 
sulfone, and oxadiazolyl. 



by routine chemical synthesis and are stable. The single and double bonds (i.e., - in such 

15 heterocycles are arranged based upon the heteroatoms present so that the heterocyccle is 
aromatic (e.g., it is a heteroaryl group). The term heteroatom as applied herein reftfers to 
oxygen, nitrogen and sulfur. 

Here and throughout this application the term Cq denotes the absence of thhe 
substituent group immediately following; for instance, in the moiety ArCQ^alkyl, ; when C 

20 is 0, the substituent is Ar, e.g., phenyl. Conversely, when the moiety ArCrj^alkyl i is 
identified as a specific aromatic group, e.g., phenyl, it is understood that C is 0. 

Certain radical groups are abbreviated herein. t-Bu refers to the tertiary buutyl 
radical, Boc refers to the t-butyloxycarbonyl radical, Fmoc refers to the 
fluorenylmethoxycarbonyl radical, Ph refers to the phenyl radical, Cbz refers to thee 

25 benzyloxycarbonyl radical. 

Certain reagents are abbreviated herein. DCC refers to dicyclohexylcarboodiirnide, . 
DMAP is 2,6^metliylarninopyridine, EDC refers to N-ethyl-N'(dimethylaminoproopyl)- 
carbodiimide. HOBT refers to 1 -hydroxy benzotriazole, DMF refers to dimethyl 
formamide, BOP refers to benzotriazol-l-yloxy-tris(dimewylamino)phosphonium 

30 hexafluorophosphate, DMAP is dimethylaminopyridine, NMM is N-methylmorphaoline, 
TFA refers to trifluoroacetic acid, THF refers to tetrahydrofuran. Jones reagent is i a 
solution of chromium trioxide, water, and sulfuric acid well-known in the art. 




It will be appreciated that the heterocyclic ring described when N = 
includes thiazoles, oxazoles, triazoles, thiadiazoles, oxadiazoles, isoxazoles, isothiaazols, 
imidazoles, pyrazines, pyridazines, pyrimidines, triazines and tetrazines which are : available 
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Methods of Preparation 

The compounds of the present invention may be conveniently prepared by I the 
methods set forth in Schemes 1-5 below. 






a) EDCI, DMF; b) R'SC^Cl, NMM, DMF; c) TFA, DCM; d) R' -C0 2 H t HBTU, NM4M, 
10 DMF; e) Jones or Dess-Martin periodinane 



l,3-Diamino-propan-2-ol (or an N-alkyl substituted diamino-propanol) 1-Sdcheme 1 
is coupled to a protected amino acid (either Cbz- or Boc-) 2-Scheme 1 to provide arm 
intermediate amine 3-Scheme 1 , Another carboxylic acid or a sulfonyl chloride is tlthen 
15 coupled to form alcohol 4-Scheme 1 . (Or the two couplings are done in a single reaaction 
pot.) Removal of the protective group provides amine 5-Scheme 1. Acylation or 
sulfonylation gives alcohol 6-Scheme 1. and oxidation of the alcohol provides the ddesired 
compounds 7-Scheme 1 . 
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Scheme 2 




R 

CbzNH 



H UM 



R 

CbzNH CO r H 



R OH R 



CbzNH 



a) EDCI, DMF; b) R'COaH, EDCI or HBTU, NMM, DMF; c) Jones or Dess-Martinn 
5 periodinane 

l,3-Diamino-propan-2-ol (or an N-alkyl substituted diamino-propanol) 1-SScheme 2 
is coupled to a protected Cbz-amino acid 2-Scheme 2 to form intermediate amine 22z 
Scheme 2 . Another carboxylic acid or sulfonyl chloride is then coupled to provide : alcohol 
10 4-Scheme 2 . (Or the two couplings are carried out in a single reaction pot.) Oxidaution of 
the alcohol provides the desired compounds 5-Scheme 2 . 



Scheme 3 



1 O 2 O 

° O 
RyN^A^-S y« RS^K^A^K IT 

O 3 O O 4 O 

a) R-CO2H, R'-C02H, EDCI or HBTU/ NMM, DMF; b) Dess-Martin periodinane ( or Jones 

l,3-Diamino-propan-2-ol (or an N-alkyl substituted diamino-propanol) 1 -SScheme 3 
20 is coupled to a protected either a single carboxylic acid (R=R'), 2 different carboxyVHc acids, 
a carboxylic acid and a sulfonyl chloride, a single sulfonyl chloride, or 2 different ssulfonyl 
chlorides, followed by oxidation of the alcohols to the ketones to provide the desireed 
compounds 2-Scheme 3. 3-Scheme 3. and 4-Scheme 3. which are then purifed by sfeilica gel 
chromatography. 

25 
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Scheme 4 
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a) CI-C0 2 iPr, NMM, THF; CH 2 N 2 ; b) HBr; NaN 3 , KF; c) NaBH^ d) HS(CH 2 ) 3 SEH, e) R'- 
5 C0 2 H, HBTU, NMM, DMF; f) H 2 /Pd/C, g) R M -C0 2 H, HBTU, NMM, h) Dess-Maaitin 
periodinane or Jones 



Propan-2-ones substituted at the alpha position with, for instance alky I grouups, can 
10 be prepared by converting an N-protected amino acid 1 -Scheme 4. to its bromo metkhyl 

ketone 3-Scheme 4 via a diazo methyl ketone 2-Scheme 4 . Then, the bromide 3-Schheme 4 
is displaced with sodium azide to give the corresponding azide 4-Scheme 4 . Reducction of 
the carbonyl with a reducing agent such as sodium borohydride gives an azido alcohhol 5z 
Scheme 4 . which is further reduced of the azide with a reducing agent such as 1,3- 
15 propandithiol gives the free amine 6-Scheme 4 . Acylation or sulfonylation of the anrnine 

gives amide or sulfonamide 7-Scheme 4 . Finally, deprotection, acylation, and oxidaation of 
the carbinol with an oxidant such as Dess-Martin periodinane or Jones gives the dessired 
compounds. 

20 Scheme 5 
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Propan-2-ones substituted at the alpha position with an N-aryl or alkyl grcoup can be 
prepared by converting an N-protected di-amino acid 1 -Scheme 5 . to its bromo maethyl 
5 ketone 2- Scheme 5 via a diazo methyl ketone. Then, the bromide 2-Scheme 5 is ddisplaced 
with an amine such as aniline with potassium fluoride (or silver salt such as Ag 2 CD) to give 
the corresponding amine 3 -Scheme 5 . 

Dess-Martin periodinane oxidation is described in /♦ Org. Chem. 1983, 488, 4155- 

10 4156. 

Referring to the methods of preparing the compounds of Formula I set fortth in 
Schemes 1-5 above, the skilled artisan will appreciate that the present invention inncludes all 
novel intermediates required to make the compounds of Formula I. Specifically, tithe 
present invention includes all diamino-propan-2-ols of Formula II, corresponding \ to the 
1 5 compounds of Formula I. 

More specifically, the present invention provides compounds of Formula III: 

N N 
R z OH R 

n 

20 wherein: 

R 1 , R 2 and R 3 are independently H; Ci-£ alkyl, preferably methyl or isoboutyl; C3_ 
1 jcycloalkyl; C2~6 alkenyl; C 2 -6 alkynyl; Ar, preferably phenyl; Het; Ci_6 alkyl-^Ar, 
preferably benzyl; C3-1 icycloalkyl-Ar; C 2 -6 alkenyl- Ar; C 2 -6 alkyhyl-Ar; aalkyl-Het, . 
preferably isonicotinyl; C3_i icycIoalkyl-Het; alkenyl-Het; or C 2 -6 alkynyl-tHet; 

25 

R 4 is N-<R 6 )-NHCH(Ci-6 alkyl)-CO, preferably N-R 6 -leucinyl-, 
N-R 6 -norleucinyK N-R 6 -norvalinyl- t N-R 6 -isoieucinyl-, N-R 6 -<x-aIlyl-glycinyK N>f-R 6 -a- 
(cyclopropyimethyI)-glycinyl-, N-R^-p-fert-butyl-alaninyl, or N-R 6 -homo-leuciny W-; N.N- 
R 6 -(Ci-6 alkyl)-N(Ci_6 alkyI)-CO, preferably N.N-R 6 -methyI-leucinyI-; N-(R6>- 
30 NHCH(C 2 -6 alkenyl)-CO-; N-(R 6 )-NHCH(C 2 -6 alkynyl)-CO-; N-(R 6 >-NHCH(Cil-6 alkyl- 
Ar)-CO-; N-(R<S)-NHCH(C 2 _6 alkenylAr)-CO-; N-(R6)-NHCH(C 2 ^5 alkynyl-Ar)-«X>; 
N-<R 6 )-NHCH(Ci-6 alkyl-Het)-CO-; N-<R 6 )-NHCH<C 2 -<5 alkenyl-Het)-CO-; 
N-(R 6 )-NHCH(C 2 _6 alkynyl-Het)-CO-; ArCO, preferably 3-phenoxy-benzoyl 4-pbhenoxy- 
benzoyl-, or 2-benzyloxy benzoyl-; Ar-Ci-6 alky I -CO, preferably 4-biphenyI acetyH-, 2-(4- 



19 



WO 98/50342 



PCTT/US98/08764 



biphenyl)-4-methy 1-valeryl, 2-(3-biphenyl)-4-methyl-valeryl, I-(3-biphenyl)-but-3-$-ene- 1 - 
carbonyl, l-(3-bipheny!)-ethyl-2-cyclopropane-l -carbonyl, l-(3-biphenyl)-3-methyyl-but-3- 
ene-1 -carbonyl, 3-(2-pyridyl)-phenyl acetyl, or 3-(3-pyridyl)-phenyl acetyl; Ar-SOD^ 
preferably 3-phenoxy-phenyl sulfonyl, 4-phenoxy-phenyl sulfonyl, or 3-(4-(3-chlooro-2- 
5 cyano-phenoxy)-phenyl sulfonyl-; Ar-C i_6 alkyl-S02; Het-CO; Het-C i_6 alkyl-CCO; Het- 
S02, preferably 8-quinoline sulfonyl-; or Het-C i -6 alkyl-SC>2; 

R 5 is N-R 7 -amino acid, preferably N-(R 7 )-NHCH(Ci-6 alkyI)-CO, more | preferably 
N-R 7 -leucinyi-, N-R 7 -norleucinyl-, N-R 7 -norvalinyl-,N-R 7 -isoleucinyl-, N-R 7 -c-j-allyl- 

1 0 glyciny 1-, N-R 7 -a-<cyclopropylrnethyl)-gIycinyl-, N-R 7 -p-w rr-butyl-alaninyl-, or r N-R 7 - 
homo-leucinyl-, preferably N-(R 7 >-NHCH(C2-6 alkenyl)-CO-, preferably N-(R 7 )-- 
NHCH(C2-6 alkynyl)-CO-, preferably N-(R 7 )-NHCH(Ci-6 alkyl-Ar)-CO-, more jpreferably 
N-(R 7 )-phenylalaninyk preferably N<R 7 )-NHCH(C2-6 alkenylAr)-CO-. preferabbly N- 
(R 7 )-NHCH(C2-6 alkynyl-Ar)-CO-, preferably R 7 -Y-t-butyl-glutamyK preferably > R 7 - 

1 5 glutamyl-, or preferably N,N-R 7 -{ C\ -Cg alkyl>leucinyl-; Ci -6 alkyICO, preferabbly acetyl-; 
C3-1 icycloalkyl-CO; ArCO, preferably benzoyl-, 3-phenoxy-benzoyl, 4-phenoxy-l-benzoyl-, 
2-benzyloxy benzoyl-, 3-benzyloxy benzoyl-, or 4-benzyloxy benzoyl-; Ar-C 1. 6 alllkyl-CO, 
preferably 2-(4-biphenyl)-4-methyl-valeryl, 2-(3-biphenyl)-4-methyl-valeryl, l-(3-- 
biphenyl)-but-3-ene-l-carbonyl, H3-biphenyl)-ethyl-2-cyclopropane-l -carbonyl, J l-{3- 

20 bipheny l)-3-methyl-but-3-ene- 1 -carbonyl, 1 -(3-bipheny l)-but-3-ene- 1 -carbonyl, 3-«2- 

pyridyl)-phenyl acetyl, 3-(3-pyridyl)-phenyl acetyl, 4-biphenyl acetyl-, or 3-biphennyl acetyl- 
; Ar-S02, preferably 3-biphenyl sulfonyl-, 4-cyano-phenyl sulfonyl, 2-carboxyl-phhenyl 
sulfonyl, 2-carboxymethyl-phenyl sulfonyl-, 4-C-tetrazole-phenyl sulfonyl, 1-naphhthalene 
sulfonyl, 3-phenoxy-phenyl sulfonyl, 4-phenoxy-phenyl sulfonyl, 3-(4-{3-chloro-2-t-cyano- 

25 phenoxy)-pheny 1 sulfonyl-, 4-bipbeny 1 sulfonyl-, or 2-dibenzofuran-sulf ony 1 ; Ar-C2. \ _6 
alkyl-S02; Het-CO, preferably 8-quinoline carbonyl-, 6-quinoline carbonyl-, 2-pyrridine 
carbonyl, 5-(2-pyridyl)-thiophene carbonyl, N-benzyl-4-piperidinyl carbonyl, or 2-<-quinoline 
carbonyl-; Het-C i_6 alkyl-CO; Het-SC>2, preferably 2-pyridyl sulfonyl, l,3-dimeth?yl-5- 
chloro-pyrazole-4-sulfonyl, 3 t 5-dimethyl-isoxazole-4-sulfonyI, benzo-2,l,3-thiadiaazole-4- 

30 sulfonyl, phenyl-sulfone-5-thiophene-2-sulfonyl-, 2-carboxy methyl thiophene-sulf(fonyl, 2,5- 
dichIorothiophene-3-sulfonyl-, or 8-quinoline sulfonyl; Ci_6 alkyl; Ar-Co-6 alkyl, , 
preferably phenyl; 
Het-Cfj-6 alkyl-; 

35 R 6 and R 7 are independently Ar-( C 1 ^ alkyl>-0-CO, preferably 

benzyloxycarbonyl; Het-( Cj-6 alkyl)-0-CO, preferably 2-pyridyl methyloxycarboonyl , 3- 
pyridyl methyloxycarbonyl, or 4-pyridyl methyloxy carbonyl; Ar-CO, preferably beenzoyl-, 

20 
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1- naphthoyl-, 2-naphthoyl-, 4-phenoxy-benzoyl-, 3-phenoxy-benzoyl-, 2-phenoxy-l-benzoyl-, 

2- chloro~benzoyl-, 4-fluoro-benzoyl, 3,4-difluoro benzoyl-, 4-trifIuoromethyl benzeoyl-, 2- 
chlorobenzoyl-, 4-carboxymethyl-benzoyl-, or 4-carboxyl-benzoyI-; Ar-S02; Het-CCO, 
preferably 2-pyridyl carbonyl-, 3-pyridyl carbonyl, 4-pyridyl carbonyl-, 

5 2-quinoline carbonyl-, 3-quinoline carbonyl-, 4-quinoline carbonyl-, 5-quinoline caarbonyl-, 
6-quinoline carbonyl-, 7-quinoline carbonyl-, 8-quinoline carbonyl-, l-isoquinolinae 
carbonyl-, 3- isoquinoline carbonyl-, 4- isoquinoline carbonyl-, 5- isoquinoline cartbonyl-, 6- 
isoquinoline carbonyl-, 7- isoquinoline carbonyl-, 8- isoquinoline carbonyl-, 1- 
benzothiophene carbonyl-, I -benzofurancarbonyl-, 5-indole-carbonyI-suIfonyk N-:-methyl- 

10 prolinyl-, 2-quinoxaline-carbonyl-, 5-(2,3-dihydrobenzofuran-carbonyl-, 2-benzofuuran- 
carbonyl-, 2-benzothiophene-carbonyl-, N-morpholino-carbonyl-, N-methyl-piperiddine- 
carbonyl-, or N-pyrazole-carbonyl-; Het-S02, preferably 2-pyridyl sulfonyl-, 3-pyrridyl 
sulfonyl, 4-pyridyl sulfonyl, 2-quinoline sulfonyl-, 3-quinoline sulfonyl-, 4-quinoliIine 
sulfonyl-, 5-quinoline sulfonyl-, 6-quinoline sulfonyl-, 7-quinoline sulfonyl-, 8-quiiinoline 

15 sulfonyl-, 1- isoquinoline sulfonyl-, 3- isoquinoline sulfonyl-, 4- isoquinoline sulfoonyl-, 5- 
isoquinoline sulfonyl-, 6- isoquinoline sulfonyl-, 7- isoquinoline sulfonyl-, or 8- 
isoquinoline sulfonyl-; Ci-6 alkyl-CO, preferably acetyl; N,N-dimethyl glycinyl-; < C3- 
1 icycloalkyl-CO, preferably frartj-4-propyl-cyclohexyl-carbonyl-, or cyclohexyl-ccarbonyl-; 
C1-6 alkyl-SOa; C2-6 alkenyl-CO; 

20 C2-6 alkenyl-S0 2 ; C2-6 alkynyl-CO; C2-6 alkynyl-S0 2 ; ArCi-6 alkyl-CO; ArCu-6 alkyl- 
S0 2 ; ArC2-6 alkenyl-CO; A1C2-6 alkenyl-S0 2 ; Ar-C 2 _6 alkynyl-CO; 
Ar-C2-6 alkynyl-S0 2 ; Het-Cl-6 alkyl-CO, preferably 4-imidazole acetyl-, 2-pyridiyl acetyl, 

3- pyridyl acetyl, 4-pyridyl acetyl-, or N-morpholine acetyl-; Het-Cj-6 alkyl-S0 2 ; IHet-C2-6 
alkenyl-CO; Het-C 2 -6 alkenyl-S02; Het-C 2 -6 alkynyl-CO; orHet-C 2 -6 aIkynyl-SS0 2 ; 

25 

and pharmaceutically acceptable salts, hydrates and solvates thereof. 

Compounds of Formula II wherein R*,R 2 or R 3 is H are preferred. 
Even more preferred are compounds of Formula II wherein: 
30 R 1 is H or Ci_6 alkyl, preferably methyl; 

R 2 andR 3 areH; 

R 4 is N-(R 6 )-NHCH(Ci-6 alkyl)-CO, preferably N-R 6 -leucinyl, more preferably 
N-(2-pyridyl carbonyl)-leucinyl, N-(8-quinoline carbonyl>leucinyU N-(6-quinolinoe 
carbonyl)-leucinyl, N-(2-quinoline carbonyI>leucinyl, N-(4-imidazole acetyl)-leuacinyl, N- 
35 benzoyl-leucinyl, N-(2-pyridyl sulfonyl>-leucinyl, N-(l -isoquinoline carbonyl)-leuucinyl, N- 
(N-morpholine acetyl)-leucinyl, N-(N-methyl prolinyl)-leucinyi, N-(N, N-dimethyyl 
glycinyl)-leucinyl, N-(8^quinoIine sulfonyl)-leucinyl, N-Cbz-leucinyl, N- 
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pentafluorobenzoyl-leucinyl, N-2-naphthoyl-leucinyl, N-l-naphthoyl-leucinyl, N4-4- 
fluorobenzoyl-leucinyl, N-(4-trifluoromethyl benzoyl)-leucinyI N-3,4-difluorobeenzoyI- 
leucinyl, N-3,4-dimethoxybenzoyl-leucinyl, N-(l-benzothiophene-caibonyl)-leuccinyl, N- 
(2-benzothiazoIe-carbonyI)-ieucinyl, N-(5-benzothiophene-carbonyl)-leucinyl, N-H6- 
5 benzothiophene-carbonyl)-leucinyl, N-(5-indole-carbonyl)-Ieucinyl, N-(rra«j-4-ppropyl 
cyclohexyl-carbonyl)-leucinyl, N-(2-quinoxaIine-carbonyl)-leucinyl, N-5-(2,3-difihydro- 
benzo£uran)-carbonyl)-leucinyl, N-(2-benzofuran-carbonyl)-leucinyl, N-<N-methiyI-2- 
indole-carbonyl)-leucinyI, N-(2-chloro-benzoyl-carbonyl)-leucinyl, N-(4-phenoxyy-phenyI- 
carbonyl)-leucinyl, N-(3-methoxy-2-qninoIine-carbonyl)-leucinyl t N-(2-pyridyl- 

1 0 methy leneoxy-carbony l)-Ieuciny 1 or N-(cyclohexyl-carbony l)-leucinyl ; or preferaably N-R 6 - 
norleucinyl-, more preferably N-Cbz-norleucinyl, N-{2-naphthyl-carbonyI)-norleuucinyI, N- 
(3 t 4-dimethoxy-benzoyl)-norleucinyl, or N-(5-benzothiophene-carbonyl)-norleuccinyl; or 
preferably N-R 6 -norvalinyl, more preferably N-Cbz-norvalinyl; or preferably N-FR 6 - 
isoleucinyl, more preferably N-Cbz-isoleucinyl; or preferably N-R 6 -a-allyl-glycirinyl; more 

15 preferably N-Cbz-cc-allyl-glycinyl; or N,N-R 6 -(Ci_6 alkyI)-N(Ci-6 alkyI)-CO, pnreferably 
N.N-R^-methyl-leucinyl-, more preferably N-Cbz-N-methyl-leucinyl-; or preferabbly N-R^- 
a-(cyclopropylmethyI)-glycinyl-, more preferably N-Ckz-a<cyclopropylmethyI)-f-glycinyl-; 
or preferably N-R^- L-fi-terf-butyl-alaninyl, more preferably N-Cbz-L-p-terrt-butyyl-alaninyl- 
, or Ar-Ci-6 alkyl-CO, preferably 2-(3-biphenyl)-4-methyl-valeryl t or l-<3-biphennyl)~but-3- 

20 ene- 1 -carbonyl, 1 -(3-bipheny l)-ethyl-2-cyclopropane- 1-carbonyl; 

R 5 is N-R 7 -norvalinyI-, preferably N-Cbz-norvalinyl-; Ar-C\-6 aikyl-COP, preferably 3-(2- 
pyridyl)-phenyl acetyl, 3-(3-pyridyl)-phenyl acetyl, 3-(3-biphenyI>3-methyl-but-:-3-ene-l -carbonyl, or 
2-(3-biphenyl)-but-3-ene- 1-carbonyl; orHet-S02, preferably 2-pyridyl sulfonyl, 88-quinolinc sulfonyl-, 
1 ,3-dimethyl-5-chloro-pyrazole-4-sulfonyU 3,5-dimethyl-isoxazole-4-sulfonyI t becnzo-2, 1,3-thiadiazole- 

25 4- sulfonyl, or 3-biphenyl sulfonyl; or Het-CO, preferably 8-<jumoIone carbonyl, 5 5-(2-pyridine>- 

thiophene-carbonyl, N-benzyl-4-piperidinyl carbonyl, 2-quinoline carbonyl or 2-ppyridine-carbonyl; or 
ArCO, preferably 4-phenoxy-phenyl-carbonyl, or 2-<3-biphenyl)-3-methyl-valeryM; Ar-S02t preferably 
2-carboxymethyl-phenyl-sulfonyl, 2-carboxyl-phenyl-suIfonyl, 4-C-tetrazole-phennyl-sulfonyl, 1- 
naphthalene-sulfonyL, or 2-cyano-phenyI-sulfonyl; or Ar-Co-6 alkyl-, preferably pphenyl. 

30 Yet more preferred are compounds of Formula II wherein: 

R 1 is H or abcyl preferably methyl; 
R 2 and R 3 are H; 

R 4 is N-(R 6 )-NHCH(Ci-6 alkyl)-CO, preferably N-R 6 -leucinyU more pnreferably 
Cbz-leucinyl, 2-naphthoyl-leucinyl, 4-fluorobenzoyl-leucinyl, 3 f 4-dimethoxyben2Zoyl- 
35 leucinyl, ( 1 -benzothiophene-carbonyl)-leucinyl, <2-quinoxaline-carbonyl)-leucinyyl, 5-(23- 
dihydro-benzofuran)-carbonyl>leucinyl, (2-benzofuran-carbonyl)-leucinyl; or N-J-R 6 - 
norleucinyl, more preferably (2-naphthy 1-carbonyl)- norleucinyl, (3 ,4-dimethoxy ^-benzoyl)- 
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norleucinyl, or (5-bcnzothiophene-carbonyl)-norieucinyl; or Ar-Ci-6 alkyl-CO, poreferably 
2-(3-biphenyl)-4-methyl-vaIeryl; and 

R 5 is Ar-Cl-6 alkyl-CO, preferably 3-(2-pyridyl)-phenyl acetyl; or Het-S<J02, preferably 2- 
pyridyl sulfonyl. 

5 Particularly preferred are the compounds of Formula II which are diaminoo-propan- 

2-ol analogs of the particularly preferred compounds of Formula I. Most preferreed are the 
compounds of Formula II which are diamino-propan-2-ol analogs of the most prefcf erred 
compounds of Formula I. • 

The starting materials used herein are commercially available amino acidis or are 

10 prepared by routine methods well known to those of ordinary skill in the art and ccan be 
found in standard reference books, such as the COMPENDIUM OF ORGANIC 
SYNTHETIC METHODS, Vol. I- VI (published by Wiley-Interscience). 

Coupling methods to form amide bonds herein are generally well known t to the art. 
The methods of peptide synthesis generally set forth by Bodansky et al t THE PR/ACTICE 

15 OF PEPTIDE SYNTHESIS, Springer- Verlag, Berlin, 1984; E. Gross and J. Meiennhofer, 
THE PEPTIDES, Vol. 1, 1-284 (1979); and JM. Stewart and J.D. Young, SOLID ) PHASE 
PEPTIDE SYNTHESIS, 2d Ed., Pierce Chemical Co., Rockford, III., 1984. are geenerally 
illustrative of the technique and are incorporated herein by reference. 

Synthetic methods to prepare the compounds of this invention frequently < employ 

20 protective groups to mask a reactive functionality or minimize unwanted side reacctions. 

Such protective groups are described generally in Green. T.W, PROTECTIVE GRROUPS IN 
ORGANIC SYNTHESIS, John Wiley & Sons, New York (1981). The term "amiiino 
protecting groups" generally refers to the Boc, acetyl, benzoyl, Fmoc and Cbz grooups and 
derivatives thereof as known to the art. Methods for protection and deprotection, ; and 

25 replacement of an amino protecting group with another moiety are well known. 

Acid addition salts of the compounds of Formula I are prepared in a standdard 
manner in a suitable solvent from the parent compound and an excess of an acid, ssuch as 
hydrochloric, hydrobromic, hydrofluoric, sulfuric, phosphoric, acetic, trifluoroaceetic, 
maleic, succinic or methanesulfonic. Certain of the compounds form inner salts oor 

30 zwitterions which may be acceptable. Cationic salts are prepared by treating the pparent 
compound with an excess of an alkaline reagent, such as a hydroxide, carbonate oor 
alkoxide, containing the appropriate cation; or with an appropriate organic amine. , Cations 
such as Li + , Na+ K + , Ca**" 4 ", Mg ++ and NH4 + are specific examples of cations pnresent in 
pharmaceutically acceptable salts. Halides, sulfate, phosphate, alkanoates (such aas acetate 

35 and trifluoroacetate), benzoates, and sulfonates (such as mesylate) are examples obf anions 
present in pharmaceutically acceptable salts. 
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This invention also provides a pharmaceutical composition which compri&ses a 
compound according to Formula I and a pharmaceutically acceptable carrier, dilueent or 
excipient. Accordingly, the compounds of Formula I may be used in the manufacture of a 
medicament. Pharmaceutical compositions of the compounds of Formula I p repaired as 
5 hereinbefore described may be formulated as solutions or lyophilized powders for r 

parenteral administration. Powders may be reconstituted by addition of a suitable t diluent 
or-t>ther pharmaceutically acceptable carrier prior to use. The liquid formulation nmay be a 
buffered, isotonic, aqueous solution. Examples of suitable diluents are normal isobtonic 
saline solution, standard 5% dextrose in water or buffered sodium or ammonium aacetate 
10 solution. Such formulation is especially suitable for parenteral administration, butit may also 
be used for oral administration or contained in a metered dose inhaler or nebulizer r for 
insufflation. It may be desirable to add excipients such as polyvinylpyrrolidone, ggelatin, 
hydroxy cellulose, acacia, polyethylene glycol, mannitol, sodium chloride or sodiuum 
citrate. 

15 Alternately, these compounds may be encapsulated, tableted or prepared irin an 

emulsion or syrup for oral administration. Pharmaceutically acceptable solid or liqquid 
carriers may be added to enhance or stabilize the composition, or to facilitate prepaaration of 
the composition. Solid carriers include starch, lactose, calcium sulfate dihydrate, t< terra alba, 
magnesium stearate or stearic acid, talc, pectin, acacia, agar or gelatin. Liquid canniers 

20 include syrup, peanut oil, olive oil, saline and water. The carrier may also include \ a 

sustained release material such as glyceryl monostearate or glyceryl distearate, aloone or 
with a wax. The amount of solid carrier varies but, preferably, will be between aboout 20 
mg to about 1 g per dosage unit. The pharmaceutical preparations are made following the 
conventional techniques of pharmacy involving milling, mixing, granulating, and 

25 compressing, when necessary, for tablet forms; or milling, mixing and filling for haard 

gelatin capsule forms. When a liquid carrier is used, the preparation will be in the ; form of 
a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. Such a liquid 
formulation may be administered directly p.o. or filled into a soft gelatin capsule. 

For rectal administration, the compounds of this invention may also be conmbined 

30 with excipients such as cocoa butter, glycerin, gelatin or polyethylene glycols and i molded 
into a suppository. 

Utility of the Present Invention 
The compounds of Formula I are useful as protease inhibitors, particularly i as 
35 inhibitors of cysteine and serine proteases, more particularly as inhibitors of cysteiiine 
proteases, even more particularly as inhibitors of cysteine proteases of the papain 
superfamily, yet more particularly as inhibitors of cysteine proteases of the cathepssin 
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family, most particularly as inhibitors of cathepsin K. The present invention aisoo provides 
useful compositions and formulations of said compounds, including pharmaceutidcal 
compositions and formulations of said compounds. 

The present compounds are useful for treating diseases in which cysteines proteases 
5 are implicated, including infections by Pneumocystis carinii, trypsanoma cruzi, trrypsanoma 
brucei, and Crithidia fusiculata; as well as in schistosomiasis, malaria, tumor metastasis, 
metachromatic leukodystrophy, muscular dystrophy, amytrophy; and especially ddiseases in 
which cathepsin Kis implicated, most particularly diseases of excessive bone or c cartilage 
loss, including osteoporosis, gingival disease including gingivitis and periodontititis, 

10 arthritis, more specifically, osteoarthritis and rheumatoid arthritis, Paget' s diseasee; 
hypercalcemia of malignancy, and metabolic bone disease. 

Metastatic neoplastic cells also typically express high levels of proteolytic enzymes 
that degrade the surrounding matrix, and certain tumors and metastatic neoplasias may be 
effectively treated with the compounds of this invention. 

1 5 The present invention also provides methods of treatment of diseases cauased by 

pathological levels of proteases, particularly cysteine and serine proteases, more 
particularly cysteine proteases, even more particularly as inhibitors of cysteine prcoteases of 
the papain superfamily, yet more particularly cysteine proteases of the cathepsin f family, 
which methods comprise administering to an animal, particularly a mammal, mosst 

20 particularly a human in need thereof a compound of the present invention. The pnresent 
invention especially provides methods of treatment of diseases caused by patholopgical 
levels of cathepsin K, which methods comprise administering to an animal, particcularly a 
mammal, most particularly a human in need thereof an inhibitor of cathepsin K, iiincluding a 
compound of the present invention. The present invention particularly provides rrmethods 

25 for treating diseases in which cysteine proteases are implicated, including infectioons by 
Pneumocystis carinii, trypsanoma cruzi, trypsanoma brucei, and Crithidia fusiculaata; as 
well as in schistosomiasis, malaria, tumor metastasis, metachromatic ieukodystropphy, 
muscular dystrophy, amytrophy, , and especially diseases in which cathepsin K is 5 
implicated, most particularly diseases of excessive bone or cartilage loss, includinng 

30 osteoporosis, gingival disease including gingivitis and periodontitis, arthritis, monre 
specifically, osteoarthritis and rheumatoid arthritis, Paget' s disease, hypercalcemida of 
malignancy, and metabolic bone disease. 

This invention further provides a method for treating osteoporosis or inhabiting 
bone loss which comprises internal administration to a patient of an effective amoount of a 

35 compound of Formula I, alone or in combination with other inhibitors of bone resorption, 
such as bisphosphonates (i.e., alendronate), hormone replacement therapy, anti-esstrogens, 
or calcitonin. In addition, treatment with a compound of this invention and an anaabolic 
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agent, such as bone morphogenic protein, iproflavone, may be used to prevent boone loss or 
to increase bone mass. 

For acute therapy, parenteral administration of a compound of Formula II is 
preferred. An intravenous infusion of the compound in 5% dextrose in water or r normal 
saline, or a similar formulation with suitable excipients, is most effective, althouggh an 
intramuscular bolus injection is also useful. Typically, the parenteral dose will boe about 
0.01 to about 100 mg/kg; preferably between 0.1 and 20 mg/kg, in a manner to mnaintain the 
concentration of drug in the plasma at a concentration effective to inhibit cathepssin K. The 
compounds are administered one to four times daily at a level to achieve a total ddaily dose 
of about 0.4 to about 400 mg/kg/day. The precise amount of an inventive compoound which 
is therapeutically effective, and the route by which such compound is best adminhistered, is 
readily determined by one of ordinary skill in the art by comparing the blood leveel of the 
agent to the concentration required to have a therapeutic effect 

Hie compounds of this invention may also be administered orally to the f patient, in 
a manner such that the concentration of drug is sufficient to inhibit bone resorptidon or to 
achieve any other therapeutic indication as disclosed herein. Typically, a pharmaaceutical 
composition containing the compound is administered at an oral dose of between i about 0. 1 
to about 50 mg/kg in a manner consistent with the condition of the patient. Prefeerably the 
oral dose would be about 0.5 to about 20 mg/kg. 

No unacceptable toxicological effects are expected when compounds of tithe present 
invention are administered in accordance with the present invention. 

Biological Assays 

The compounds of this invention may be tested in one of several biologiccal assays 
to determine the concentration of compound which is required to have a given 
pharmacological effect 

Determination of cathepsin K proteolytic catalytic activity 

All assays for cathepsin K were carried out with human recombinant enzyyme. 
Standard assay conditions for the determination of kinetic constants used a fluoroogenic 
peptide substrate, typically Cbz-Phe-Arg-AMC, and were determined in 100 mMl Na 
acetate at pH 5.5 containing 20 mM cysteine and 5 mM EDTA. Stock substrate ^solutions 
were prepared at concentrations of 10 or 20 mM in DMSO with 20 uM final subsstrate 
concentration in the assays. All assays contained 10% DMSO. Independent experiments 
found that this level of DMSO had no effect on enzyme activity or kinetic constannts. All 
assays were conducted at ambient temperature. Product fluorescence (excitation i at 360 
nM; emission at 460 nM) was monitored with a Perceptive Biosystems Cytofluorr II 
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5 Inhibition studies 

Potential inhibitors were evaluated using the progress curve method. Asssays were 
carried out in the presence of variable concentrations of test compound. Reactionns were 
initiated by addition of enzyme to buffered solutions of inhibitor and substrate. EData 
analysis was conducted according to one of two procedures depending on the appoearance of 
10 the progress curves in the presence of inhibitors. For those compounds whose prcogress 
curves were linear, apparent inhibition constants {K^app) were calculated accordilmg to 
equation 1 (Brandt et ai t Biochemitsry, 1989, 28, 140): 

v = VmA /[Kdl + l^i, app) +AJ 

15 (1) 

where v is the velocity of the reaction with maximal velocity V m , A is the concentration of 
substrate with Michaelis constant of and / is the concentration of inhibitor. 

For those compounds whose progress curves showed downward curvaturee 
20 characteristic of time-dependent inhibition, the data from individual sets was analyzed to 
give k Q bs according to equation 2: 

[AMC] = v ss t + (vo - v„) [1-exp (-kobs*)] / kobs 

(2) 

25 

where [AMC] is the concentration of product formed over time f, vo is the initial ^reaction 
velocity and v ss is the final steady state rate. Values for kobs werc then analyzed 1 as a 
linear function of inhibitor concentration to generate an apparent second order rattte 
constant (kobs / inhibitor concentration or kobs ' ffl) describing the time-dependennt 
30 inhibition. A complete discussion of this kinetic treatment has been fully describeed 
(Morrison et at.. Adv. Enzymol Relat. Areas Mol. BioL, 1988, 61, 201). 
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Human Osteoclast Resorption Assay 

Aliquots of osteoclastoma-derived cell suspensions were removed from lfliquid 
nitrogen storage, warmed rapidly at 37°C and washed xl in RPMI-1640 medium I by 
centrifugation (1000 rpm, 5 min at 4°C). The medium was aspirated and replaced d with 
5 murine anti-HLA-DR antibody, diluted 1:3 in RPMI-1640 medium, and incubatecd for 30 
min on ice The cell suspension was mixed frequently. 

The cells were washed x2 with cold RPMI-1640 by centrifugation (1000 1 rpm, 5 
min at 4°C) and then transferred to a sterile 15 mL centrifuge tube. The number ODf 
mononuclear cells were enumerated in an improved Neubauer counting chamber. -. 
10 Sufficient magnetic beads (5 / mononuclear cell), coated with goat anti-mnouse IgG, 

were removed from their stock bottle and placed into 5 mL of fresh medium (this s washes 
away the toxic azide preservative). The medium was removed by immobilizing thhe beads 
on a magnet and is replaced with fresh medium. 

The beads were mixed with the cells and the suspension was incubated foor 30 min 
15 on ice. The suspension was mixed frequently. The bead-coated cells were immobbilized on 
a magnet and the remaining cells (osteoclast-rich fraction) were decanted into a scterile 50 
mL centrifuge tube. Fresh medium was added to the bead-coated cells to dislodg^e any 
trapped osteoclasts. This wash process was repeated xlO. The bead-coated cells i were 
discarded. 

20 The osteoclasts were enumerated in a counting chamber, using a large-boore 

disposable plastic pasteur pipette to charge the chamber with the sample. The celMs were 
pelleted by centrifugation and the density of osteoclasts adjusted to LSxlCrVmL ion EMEM 
medium, supplemented with 10% fetal calf serum and 1 .7g/litre of sodium bicarboonate. 3 
mL aliquots of the cell suspension ( per treatment) were decanted into 15 mL cenatrifuge 

25 tubes. These cells were pelleted by centrifugation. To each tube 3 mL of the appropriate 
treatment was added (diluted to 50 uM in the EMEM medium). Also included weere 
appropriate vehicle controls, a positive control (87MEM1 diluted to 100 ug/mL) aand an 
isotype control (IgG 2a diluted to 100 ug/mL). The tubes were incubate at 37°C foor 30 min. 
0.5 mL aliquots of the cells were seeded onto sterile dentine slices in a 488-well 

30 plate and incubated at 37°C for 2 h. Each treatment was screened in quadruplicates The 
slices were washed in six changes of warm PBS (10 mL / well in a 6-well plate) aand then 
placed into fresh treatment or control and incubated at 37°C for 48 h. The slices vwere then 
washed in phosphate buffered saline and fixed in 2% glutaraldehyde (in 0.2M sodflium 
cacodylate) for 5 min., following which they were washed in water and incubated i in buffer 

35 for 5 min at 37°C. The slices were then washed in cold water and incubated in cobld acetate 
buffer / fast red garnet for 5 min at 4°C. Excess buffer was aspirated, and the slicces were 
air dried following a wash in water. 
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The TRAP positive osteoclasts were enumerated by bright-field microscoppy and 
were then removed from the surface of the dentine by sonication. Pit volumes we ere 
determined using the Nikon/Lasertec ELM21W confocal microscope. 

General 

Nuclear magnetic resonance spectra were recorded at either 250 or 400 MlHz using, 
respectively, a Bruker AM 250 or Bruker AC 400 spectrometer. CDCI3 is 
deuteriochloroform, DMSO-d6 is hexadeuteriodimethylsulfoxide, and CD3OD is 
tetradeuteriomethanol. Chemical shifts are reported in parts per million (d) down fi fie Id from 
the internal standard tetramethylsilane. Abbreviations for NMR data are as followjvs: s = 
singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublets, dt = 
doublet of triplets, app = apparent, br = broad. J indicates the NMR coupling constant 
measured in Hertz. Continuous wave infrared (IR) spectra were recorded on a Perirkin- 
Elmer 683 infrared spectrometer, and Fourier transform infrared (M LR) spectra wvere 
recorded on a Nicolet Impact 400 D infrared spectrometer. IR and FTTR spectra wvere 

irded in transmission mode, and band positions are reported in inverse wavenuumbers 
(cm -1 ). Mass spectra were taken on either VG 70 EE, PE Syx API HI, or VG ZABB HF 
instruments, using fast atom bombardment (FAB) or electrospray (ES) ionization 
techniques. Elemental analyses were obtained using a Perkin-Elmer 240C elementital 
analyzer. Melting points were taken on a Thomas-Hoover melting point apparatus s and are 
uncorrected. AH temperatures are reported in degrees Celsius. 

Analtech Silica Gel GF and E. Merck Silica Gel 60 F-254 thin layer plates s were 
used for thin layer chromatography. Both flash and gravity chromatography were t carried 
out on E. Merck Kieselgel 60 (230-400 mesh) silica gel. 

Where indicated, certain of the materials were purchased from the Aldrichh 
Chemical Co., Milwaukee, Wisconsin, Chemical Dynamics Corp., South Plainfieldd, New 
Jersey, and Advanced Chemtech, Louisville, Kentucky. 

Examples 

In the following synthetic examples, temperature is in degrees Centigrade ( (°C). 
Unless otherwise indicated, all of the starting materials were obtained from commaercial 
sources. Without further elaboration, it is believed that one skilled in the art can, uusing the 
preceding description, utilize the present invention to its fullest extent. These Exaiunples are 
given to illustrate the invention, not to limit its scope. Reference is made to the da aims for 
what is reserved to the inventors hereunder. 
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Example 1 



P re paration of l-N-(N^2-pvri riv1 rflrhonvn-leucinvlVamino-3-N-f2-Pvridvl-suIfonnvlV 
a m i n o-p ropan-2-one 

5 a) l-N-(N-Boc-leucinyl)-amino-3-N<2-pyridyl-sulfonyI)-amino-propan-2-ol 

l ( 3-Diamino-propan-2-ol (3.375 g, 37.5 mmol) was dissolved in DMF (65 5 ml). Then HOBT- 
hydrate (5.5 g, 40.7 mmol), Boc-L-leucine ( 934 g, 37.5 mmol), EDCI (7.77 g, 40X7 mmol), NMM 
(4.4ml, 40 mmol) were added, and the reaction mixture was stirred for 4h; then 2-ppyridyl-sulfonyl 
chloride (3.7 g, 20,8 mmol) was added reaction was stirred an additional 2h. The rreaction mixture was 
10 concentrated in vacuo, then chromatographed on silica gel to yield a white solid (4.4.3 g, 26%) (ES+) 
445.2 (M+H+). 

b) 1 -N-(leucinyl)-amino-3-N-(2-pyridyl-sulfonyl)-amino-propan-2-ol 

l-N-(N-Boc-leucinyl)-amino-3-NK2-pyridyl-sulfonyl)-amino-propan-2-oI 1 (2.1 g, 4.73 mmol) 
15 was dissolved in 1:1 TFA: DCM (60 ml) and was stirred at RT for lh. Toluene (1C00 ml) was added 
then the reaction mixture was concentrated in vacuo and was used in the following i reaction without 
further purification (1.6 g, quant.). 

c) 1 -N-(N-(2-pyridyl carbonyl)-leuciny l>-amino-3-N-(2-pyridyl-sulfonyl)-amino-pDropan-2- 
20 ol 

HBTU (0.6g, 1 .6 mmol) was added to a solution of 1 -N-0eucinyl)-amino-33-N-(2-pyridyl- 
sulfonyl)-amino-propan-2-ol (0.9 g, 1.58 mmol), NMM (0.87 ml, 8 mmol), and 2-ppyridine carboxylic 
acid (0.194 g, 1.58 mmol) in DMF (11. 5 ml). The reaction mixture was stirred oveernight, then was 
washed with brine/ EtOAc, 1 N NaOH; the combined organics were dried with MggS04, filtered, 
25 concentrated, and was used in the next reaction without further purification: MS(ESS) (ES+) 450.1 
(M+H+). 

d) l-N-(N-(2-pyridyl carbonyl)-leucinyl)-animc-3-N^2-pyridyl-sulfonyl)-ammo^ropan-2- 
one 

30 l-N-(N-(2-pyridyl carbonyl)-leucmyl)-ammo-3-NK2-pyridyl-sulfonyl)-amnino-propan-2-ol 

(from Example lc) was dissolved in acetone (10 ml), then IN HC1 (5 ml) in ether vwas added dropwise, 
then the solution was concentrated in vacuo. The solid was redissolved in acetone t (10 ml), then Jones 
reagent (IN, 1 ml) was added dropwise and the reaction was stirred overnight. Thee reaction was 
quenched with isopropanol (1 ml), then The reaction mixture was basified with lfN NaOH, and was 

35 then extracted repeatedly with EtOAc. The combined organics were dried with MggS04, filtered, 

concentrated, and chromatographed on silica gel to yield a white solid (109 mg, 155.4%, 2 steps): MS 
(ES+) 448. 1 (MH+), 470.2 (M+Na + ). 
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Example 2 

Preparation of l-N -fN-fS-quinoline carbonvn-leucinvl)-aminQ-3-N-r2-pyridvl-su!f<fonvn-amino-propan- 
5 2-one 

a) 1 -N-<N-(8-<l u i no li ne carbony l)-leuciny l)-amino-3-N-(2-pyridy 1-sulfony l)-aminoo-propan-2-one 

Following the procedure* of Example 1 (a-d), except substituting "8-quinoIiline carboxylic acid" 
for "2-pyridine carboxylic acid", the title compound was prepared: MS (ES+) 498.33 (M+H + ). 

10 Example 3 

Preparation of l-N-rN-(2-quin oline cai^nvlVleucinvn-amino-3-N-f2-Dvridvl-sulf<fonvn-arnino-propan- 
2-one 

a) l-N-(N-(2-qumolinecarbonyl)-leucmyl)-an^^ 

Following the procedure of Example 1 (a-d), except substituting "2-quinoliiine carboxylic acid" 
15 for "2-pyridine carboxylic acid", the title compound was prepared: MS (ES+) 498.11 (M+H + ). 

Example 4 

Preparation of l-N-(N-f4-imidazole acetyl VleucinvlVamino-3-N-f3-biphenvl sulfopnylVamino-propan- 
20 2-one 

a) l-N-(N-(4-imidazole acetyl)-leucinyl)-amino-3-N-(3-biphenyI sulfonyl)-axnino-ppropan-2-one 

Following the procedure of Example 1 (a-d), except substituting "4-imidazeole carboxylic acid" 
for "2-pyridine carboxylic acid" and "3-biphenyl sulfonyl chloride" for H 2-pyridyI ssulfonyl chloride", 
the title compound was prepared: MS (ES+) 526.3 (M+H+). 

25 

Example g 

Preparation of l-N-rN-^2-pvridvl-carbonvlVleucinv lVamino-3-N-f8-quinoline carbbonvn-amino- 
prqpan-2-one 

30 a) l-N-(N-(2-pyridyl-c^rbonyl)-leucinyl)-amino-3-N-(8-quinoline caubonyl)-aminoo-propan-2-one 

Following the procedure of Example 1 (a-d), except substituting "8-quinoliiine carboxylic acid 
and EDCI" for "2-pyridyl sulfonyl chloride", the title compound was prepared: MS 5 (ES+) 462.2 
(M+H+), 484.2 (M+Na+). 
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Example 6 

Preparation of l-N-fN-benzoyl-leucinyn-amino-3-N-(8-quinoline carbonvIVaminoo-propan-2-one 

5 a) l-N-(N-benzoyl-Ieucinyl)-amino-3-N^8^uinolinecarbonyl)-airuno-pro 

Following the procedure of Example 5, except substituting "benzoic acid " 1 for "2-pyridine 
carboxylic acid", the title compound was prepared: MS (ES+) 4613 (M+H + ) f 483.12 (M+Na + ). 

Example 7 

10 

Preparation of 1 -N-fN-(2-pv ridvl sulfonvlVleucinvn-amino-3-N-r8-quinoline carhoon vlVamino-propan- 
2-one 

a) l-N-(N-(2-pyridyl suIfonyl)-leucinyl)-amino-3-N-(8-quinoline carbonyl)-amino-t-propan-2-one 

Following the procedure of Example 5, except substituting "2-pyridine sulf fonyl chloride" for 
15 "2-pyridine carboxylic acid and HBTU", the title compound was prepared: MS (ES5+) 498.2 (M+H + ). 

Example g 

Preparation of l-N-fN-(8-quinoline carbonyiyieucinyl)-amino-3-N-(8-quinoline caarbonyO-amino- 
20 propan-2-one 

a) l-N-(N-(8-quinoline cait>onyl)-leucinyi)-amino-3-N-{8-quinoline carbonyl)-amirino-propan-2-one 
Following the procedure of Example 5, except substituting "8-quinoline canrboxylic acid" for 
"2-pyridine carboxylic acid", the title compound was prepared: MS (ES+) 512.3 (Mf+H + ), 534.2 
(M+Na+). 



25 
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Preparation of l-N^^l-isoq uinoline-carbonvn-leucinvn-amino-3-N-(8^quinolinee carbon vlVamino- 
propan-2-one 

30 a) l-N-(N-(l-isoquinoUne^ubonyl)-leucinyl)-amino-3-N-(8-quinoUne carbonyI)-aamino-propan-2-one 
Following the procedure of Example 5, except substituting "1-isoquinoline : carboxylic acid" 
for "2-pyridine carboxylic acid", the tide compound was prepared: MS (ES+) 512.44 (M+H + ), 534.1 
(M+Na+). 
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Example 10 

Preparation of l-N-m-m-morpholine-ace tvn-leucinvlVamino-S-N-^S-cuinoline ccarfaonvn-amino- 
propan-2-one 

5 a) l-N-(N^-morpholine-acetyl)-leucinyl)-amino-3-N-(8-quinoline carbonyl)-arnnino-propan-2-one 
Following the procedure of Example 5, except substituting "N-morpholinee acetic acid" for "2- 
pyridine carboxylic acid", the title compound was prepared: MS (ES+) 484.3 (M+k-H + ). 

Example 1 1 

10 

Preparation of 1-N-fN-fN-methvl prolinvlVleucinvlVamino-3-N-(8-quinoline carbbonylVamino-propan- 
2-one 

a) 1 -N-(N-(N-methy 1 proHnyI)-leucinyl)-arnino-3-N-(8-quinoline carbonyl)-aminoo-propan-2-one 
Following the procedure of Example 5, except substituting "N-methyl probline" for 
15 "2-pyridine carboxylic acid", the title compound was prepared: MS (ES+) 468.2 (RM+H + ), 

Example 12 

Preparation of i-N-fN-(N, N-dimethvl glvcinvh-leucinvn-amino-3-N-(8-quinolinqe carbonvn -amino- 
20 propan-2-one 

a) l-N-(N-(N f N-dimethyl glycinyI)-leucinyl)-amino-3-N-(8-quinolinecarbonyl)-aamino-propan-2-one 

Following the procedure of Example 5, except substituting f, N, N-dimethyW glycine" 
for "2-pyridine carboxylic acid\ the title compound was prepared: MS (ES+) 442.:.! 
(M+H+). 

25 

Example 1 3 

Preparation of l-N-fN-TR-quinoline sulfonvn-leucinvlVamino-3-N-(8-ouinoline caarbonvIVamtno- 
propan-2-one 

a) l-N-(N-(8-quinoune sulfonyl)-leucinyl)-amino-3-N-(8-quinoline carbonyl)-amiiino-propan-2-one 
30 Following the procedure of Example 5, except substituting "8-quinoline suulfonyl 

chloride" for "2-pyridine carboxylic acid and HBTU", the title compound was preppared: 
MS (ES+) 548 .3 (M+H+). 
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Example U 

Preparation of l-N-f N-Cbz-IeucinvlVamincHS-N-^-re-pvridvn-phenvl acetvlVarrmino- 
propan-2-one 

a) 3-(trifluoromethyl sulfonyloxy)-phenyl acetic acid methyl ester 

To an oven-dried flask under Argon atmosphere containing sodium hydridde (2.54 g, 60% 
dispersion in mineral oil, 63.5 mmol) was added anhydrous pentane (20 mL). The t slurry was stirred 
for 5 min, allowed to settle, most of the pentane was removed, and anhydrous THFF (40 mL) was added. 
To this suspension was added a solution of 3-hydroxyphenylacetic acid methyl estder (9.99 g, 60.1 
mmol) in anhydrous THF(20 mL) and the reaction was stirred at room temperaturee for 20 min. To this 
mixture was then added a solution of N-phenyltrifluoromethanesulfonimide (22.533 g, 63.1 mmol)) in 
anhydrous THF (40 mL) and the reaction was stirred at room temperature until TLCC analysis indicated 
the complete consumption of starting material (1.5 h). The reaction was quenched I by the addition of 
H2O (10 mL), concentrated to one half original volume, then diluted with CHCI3 (j(200 mL) and washed 
withH20, The aqueous layer was washed with fresh CHCI3 (50 mL), the combineed organic layers 
were washed with 10% Na2C03, H2O, and brine, then dried (MgS04), filtered andd concentrated. 
Column chromatography of the residue (silica gel, 5:95 EtOAc: hexanes, then 10:900 EtOAc: hexanes) 
gave 17.47 g of the title compound: l H NMR (400 MHz, CDCI3) 7.42 (m, 1H), 7.2.3 1-7. 19 (m, 3H), 
3.72 (s, 3H), 3.68 (s, 2H) 

b) 3-(2-pyridyl)-phenyl acetic acid methyl ester 

To a solution of the compound of 3-(trifluoromethyl sulfonyloxy)-phenyl aacetic acid methyl 
ester (6.86 g, 23.0 mmol) in anhydrous dioxane (100 mL) was added 2-pyridylstannnane (8.89 g, 24.1 
mmol), LiCl (2.94 g, 69.3 mmol), 2,6-di-tert-butyl-4-methylphenoI (a few crystals),), and Pd(PPh3)4 
(632.1 mg, 0.55 mmol). The reaction was protected from light with foil and heated i to reflux overnight. 
The reaction was allowed to cool to room temperature and concentrated. Column cbhromatography of 
the residue (silica gel, 1:3 EtOAc: hexanes, then 1:2 EtOAc: hexanes) gave 3.85 g oof the title 
compound: MS(ES+) 228.1 (MH+). 
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c) 3-(2-pyridyl)phenyl acetic acid 

To a solution of the compound of 3-(2-pyridyl)-phenyl acetic acid methyl 4 ester (3.8 g, 16.7 
mmol) in THF (50 mL) was added a solution of LiOH^O (780.2 mg, 18.6 mmool) in H 2 0 (10 mL). 
The reaction was stirred at room temperature until TLC analysis indicated the comnplete consumption of 
starting material (2 h). The reaction mixture was concentrated to remove THF, theen neutralized to 
pH=7 by the addition of IN HC1, diluted with brine (50 mL), and washed with OMCI3 (100 mL) The 
acJUeous layer was readjusted back to pH=7 by the addition on IN NaOH and washhed with fresh CHCI3 
(100 mL). After repeating this procedure once more, the organic layers were combbined, dried, filtered 
(MgSC>4) and concentrated to give 3.79 g of the title compound: MS (ES + ) 214.3 t (MH+). 

d) 1 -N-(N-Cbz-leucinyl)-amino-3-N-(3-(2-pyridyl)-pheny I acety l)-amino-propan-22-ol 

Following the procedure of Example 1 (a-c), except substituting "Cbz-leuccine" for "Boc- 
Leucine" and "3-(2-pyridyl)phenyl acetic acid and EDCI" for "2-pyridyl sulfonyl cchloride" the title 
compound was prepared: MS (ES+) 533.3 (M+H+). 

e) l-N-( N-Cbz-Ieucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acety I)-amino-propan-^2-one 

Following the procedure of Example 1 (d), except substituting M l-N-( N-Cl£>z-leucinyl)-amino- 
3-N-(3-(2-pyridyl)-phenyI acety l)-amino-propan-2-ol " for * 1 l-N-(N-2-pyridyl carboonyl-leucinyl)- 
amino-3-N-(2-pyridyI-sulfonyl)-amino-propan-2-ol the title compound was preppared: MS (ES+) 
531.4 (M+H+). 

Example lg 

Preparation of l-N-fN-pentafluorobenzoYl-leucinylVamino-S-N-n-^-pvridvlVpheenvl acetvlVamino- 
propan-2-one 

a) leucinyl-amino-3-N-(3-(2-pyridyI)-phenyi acetyI)-amino-propan-2-oI 

l-N-( N-Cbz-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyI)-amino-proopan-2-oI (Example 
Id, 55 g, 11 .4 mmol) was dissolved in EtOH (100 ml), then 10% Pd/C (1.1 g, mnmol) was added and 
the solution was hydrogenated on a Parr shaker at 50 atmospheres for 12 h. The r reaction mixture was 
filtered through Celite, concentrated in vacuo, then was used in the next reaction wWthout further 
purification (3.5 g, quant.): MS (ES+) 303.2 (MH+). 
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b) l-N<N-r*ntailuorobenzoy^^ acctyl>hainino-propan-2-oI 

HBTU (0.2 g, 0.53 mmol) was added to a solution of leucinyl-anuno-3-N^3-(2-pyridyl)-phenyI 
acetyl)-amino-propan-2-oI (0.23 g, 0.58 mmol), pcntaflurobenzoic acid (0.106 g, C0.5 mmol), NMM 
(0.23 ml, 2 mmol) in DMF (5 ml) and was stirred overnight. The reaction mixturee was poured into 
water, extracted with EtOAc; the organic layer was dried with MgS0 4 , filtered, concentrated in vacuo, 
and chromatographed on silica gel to yield a white solid (0.146 g, 50%): MS (ES+f) 595.1 (MH + ) 

c) l-N-(N-pentafluorbbenzoyl-leucmy»^ 

Dess-Martin periodinane (/. Org. Chem. 1983, 48, 4155-4156, 0.12 g, 0.2E8 mmol) was added to 
a solution of l-N-(N-pentafluorobenroyl-leucinyl)-armno-3-N-(3-(2-pyridyl)-pheenyI acetyI)-amino- 
propan-2-ol (0. 146 g, 0.25 mmol) in CH 2 Cl 2 (40 ml) and was stirred for 3h. The i reaction was diluted 
with 50 ml CH 2 Cl 2 , then 10% aqueous Na 2 S 2 03 00 ml) and aq. 10% NaHC0 3 ((10 ml) was added 
and the reaction was stirred for 10 min. The organic layer was dried with MgS04J, filtered, 
concentrated in vacuo, and chromatographed on silica gel to yield a white solid (444 mg, 30%): MS 
(ES+) 593.1 (MH+); 

Example 16 

Preparation pf j-N-fN-2-paphthOYl-leucinvl)-amino-3-N-r3-r2-pvridv n -nhenvl ar^rvlVamino-p mpap- 
2-one 

a) l-N-(N-2-naphtiioyl-Ieucinyl)-amino-3-N-(3-(2-pyridyl)-phenylacetyl)-anu 

Following the procedure of Example 15 (a-c), except substituting n 2-naphtithoic acid" for 
"pentafluorobenzoic acid", the title compound was prepared: MS (ES+) 551.2 (M-H-H+). 

Example 17 

Preparation pf l-N-fN-1-paphthOYHeucinvl)-amino-3-N-f3-(2-pvridvn-p henvl acetyl yaminn-p mp^- 
2-one 

a) l-N-(N-l-naphmoyl-Ieucmyl)-ammo-3-N-(3-(2-pyridyI)-phe acetyl)-amino-ppropan-2-one 
Following the procedure of Example 15 (a-c), except substituting "1 -naphthoic acid" for 
"pentafluorobenzoic acid", the title compound was prepared: MS (ES+) 551.1 (M+J-H+). 
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Example 18 

p r p a n ,tion of l-N-n^-DvrMvl^arbonv i yipnrWIVam acetylVaminQ- 
propan-2-one 

a) l-N-(N-(2-pyridyl^arbonyl>Ieucinyl)-aminCK3-N-<3-(2-pyridyl)-phenyl acetyU)-amino-propan-2- 



20 



one 



Following the procedure of Example 15 (a-c), except substituting "2-pyriddine carboxylic acid" 
for "pentafluorobenzoic acid", the title compound was prepared: MS (ES+) 502.3 ( (M+H+). 

jq pxample 19 

jY.p.ratj nn of i-N^^fluorobgn7^vl-1eucin v 1Vamino-3-N^3-^-PVridy1VphenvyI acetyn-gmino- 
propan-2-one 

a) 1 -N-(N-4-fluorobenzoyI-leucinyO-amino-3-N-(3-(2-pyridyI)-phenyI acetyl)-amhino-propan-2-one 
15 Following the procedure of Example 15 (a-c), except substituting "4-fluor<robenzoic acid" for 

"pentafluorobenzoic acid", the title compound was prepared: MS (ES+) 519.4 (M++H+), 541.4 
(M+Na+). 



Example 20 



P ^rati™ of 1-N-fN-3 ^in„nrohen ^ vl-l^cinvn-amino-3-N-(3-(2-PYridY))-phhenvl acetyn-amino- 
propan -2-one 

a) l-N-(NO,4-difluorobenzoyMeucinyl)-am^ 

Following the procedure of Example 15 (a-c), except substituting "3,4-dififluorobenzoic acid" 
25 for "pentafluorobenzoic acid", the title compound was prepared: MS (ES+) 537.2 ((M+H+), 559.2 
(M+Na + ). 

Example 21 

30 Preparation of ^-TN-:i4^inwhnxvtenzo v 1-1«n^^ acetylV 
amino-prop an-2-one 

a) i-N-(N-3,4^imethoxybenzoyl-leucm^ 
one 

Following the procedure of Example 15 (a-c), except substituting "3,4-dimnethoxybenzoic acid" 
35 for "pentafluorobenzoic acid", the title compound was prepared: MS (ES+) 561.2 C(M+H+), 593.2 
(M+Na+). 
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Example 7 ?. 

Preparation of l-N^ -l^nTOthiophene^arbonvn-leucinvlVanimo-3-N^3-a-DDvridvn-Dhenv1 
pr^fylVamin<vpropan-2-one 
5 a) 1 -N-(N- 1 -benzothiophcne-carbony I -leucinyI)-amino-3-N-(3-(2-pyridyl)-phcnyyI acetyl)-amino- 
propan-2-onc 

Following the procedure of Example 15 (a-c), except substituting "benzoothiophene-carboxylic 
acid" for "pentafluorobenzoic acid", the title compound was prepared: MS (ES+) t 557.2 (M+H + ). 

10 Example 23 

preparation of l-N-fN-(5-indole-carbonvlVleucinvh-amino-3-N-(3-(2-pvridvn-phhenv1 acetvD-amino- 
pro pan-2-one 

a) l-N-(N-<5-indole-carbonyl)-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyI)!)-amino-propan-2-one 
15 Following the procedure of Example 15 (a-c), except substituting "5-indobIe-carboxylic acid" 

for "pentafluorobenzoic acid", the title compound was prepared: MS (ES+) 540.2 1 (M+H + ). 



Example 24 

20 Preparation of 1-N-f N-Chz-isoleucin vlVamino-3-N-f3-(2-pvridvlVDhenvl acetvnVamino- 
propan-2-one 

a) l-N-( N-Cbz-isoleucinyl)-amino-3-N-(3-(2-pyridyl)-phenyI acetyl)-amino-proppan-2-one 

Following the procedure of Example 14 (a-e), except substituting Cbz-isobleucine" for "Cbz- 
leucine", the title compound was prepared: MS (ES+) 531.1 (M+H+), 553.1 (M+N*a + ). 

25 

Example 25 

Preparation of 1-N-f N-Cbz-no rvalinvn-amino-3-N-(3-(2-Dvridv!Vphenvl acetyl V-hamino- 
propan-2-one 

30 a) l-N-( N-Cbz-valinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyI)-amino-propan-^2-one 

Following the procedure of Example 14 (a-e), except substituting "Cbz-noorvaline" for "Cbz- 
ieucine", the title compound was prepared: MS (ES+) 517.2 (M+H+). 
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Example 26 

Preparation of l-N-( N-Cbz-a-allv]-elvcinvl>-amino-3-N-r3-(2-ovridvn-ohenvl aceetvn- 
amino-propan-2-one 

5 a) l-N-( N-Cbz-a-allyl-glycinyl)-amino-3-N-(3-(2-pyridyl)-phenyI acetyl)-amino-ppropan- 
2-one 

Following the procedure of Example 14 (a-e), except substituting "Cbz- a-aallyl-glycine" for 
"Cbz-leucine" f the title compound was prepared: MS (ES+) 517.2 (M+H+). 

10 Example 27 

Preparation of l-N-f N-Cbz-no rleucinvlVamino-3-N-f3-r2-Pvridvn-phenvi ace tyl Wamino- 
propan-2-one 

a) l-N-( N-Cbz-norleucinyl)-amino-3-N-(3-(2-pyridyl)-phenyI acetyl) -amino-propaan-2-one 
15 Following the procedure of Example 14 (a-e), except substituting "Cbz-norlrleucine" for "Cbz- 

Ieucine", the title compound was prepared: MS (ES+) 531.3 (M+H 4- ). 

Example 28 

20 Preparation of l-N-C N-Cbz-N-methyl-leucinvlVamino-3-N-(3-(2-pvridvn-phenv1 aacetyD- 
amino-propan-2-one 

a) 1 -N^<;bz-N-memyl4eucinyl)-ainino-3-N-(3-(2-pyridyl)-phenyl acetyl)-amino->- 
propan-2-one 

Following the procedure of Example 14 (a-e), except substituting "Cbz-N-nmethyl-Ieucine" for 
25 "Cbz-leucine\ the title compound was prepared: MS (ES+) 545.3 (M+H+). 

Example 29 

Preparation of l-N-C N-Cbz-a-(cyclopropvlVmethvl-glvcinvlVamino-3-N^3-(2-pvrridyl>- 
30 pheny) acetyl )-amino-propan-?-Qne 

a) N-Cbz-a-(cyclopropyl)-methyl-glycine methyl ester 

Diazomethane (4.8 mmol in 18 ml Et20) was added to a solution of N-Cbz-^L-a- 

allyl-glycine (0.210 g, 0.48 mmol) in 1 ml Et2<3 at RT and was stirred for 5 minutes s. Then 

Pd(OAc)2 was added and the reaction was stirred overnight, filtered through silica ggel, 
35 concentrated in vacuo, and was used in the next reaction without further purificationn (205 

mg, 95% yield): MS (ES+) 300. 1 (M+Na + ). 
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b) N-Cbz-o>(cyclopropyl)-methyl-glycine 

N-Cbz-a-(cyclopropyl)-methyl-glycine methyl ester (205 mg, 0.75 mmoljl) was 
dissolved in MeOH (5ml), then IN NaOH (0.75 ml) was added dropwise and the i reaction 
was stirred at RT for 12 h. The reaction mixture was diluted with AcOH, extracteed with 
5 EtOAc, dried with MgS04 t filtered, concentrated in vacuo, and chromatographed 1 (silica 
gel, 3% MeOH-CH2d2) to £ ive me utlc compound as a white solid (165 mg, 82$%): MS 
(ES+) 264.2 (M+H+), 286.3 (M+Na+), 549.2 (2M+Na+). 

c) l-N-(N-Cbz-a-(cyciopropyl)-methyI-gIycinyI)-arnino-3-N-(3-<2-pyridyl)-phenyyl acetyl)- 
10 amino-propan-2-one 

Following the procedure of Example 14 (a-e), except substituting "N-Cbz-t-a-(cyclopropyI)- 
methyl-glycine" for "Cbz-leucine", the title compound was prepared: MS (ES+) 5329.3 (M+H + ), 551.4 
(M+Na + ). 

15 Example 30 

Preparation of l-N-rN-benzvtoxvcarbonvl-L-p-f<?rr-butylalanineVamino-3-N-('3^'22- 
pvridvn-phenvl acervlVamino-propan-2-one 

a) N-benzyloxycarbonyl-L-p-fc?rr-butylalanine 

20 To a stirring solution of L-p-rc/t-butylalanine (1.0 g, 6.89 mmol) in water r (2.1 mL) 

and 5 N NaOH (1.38 mL) at 0 °C was added benzyl chloroformate (1.3 g, 7.58 mrnnol) and 2 
N NaOH (3.8 mL) in ten alternating portions, over 1 .5 h. After the additions were 5 complete 
the mixture was stirred for another 30 min. at room temperature. The pH was thenn taken to 
10 and the mixture is extracted with ether (50 mL). The aqueous layer was acidifided to pH 

25 3 with 3 N HC1 and extracted with ether (3 x 50 mL). The organic layers were conmbined, 
dried (MgS04), filtered and concentrated to yield the title compound as a colorlesss oil (1.59 
g, 83%). MS(ESI): 278.2 (M+H)". 

b) 1 -N-( N-benzyloxycarbonyl-L-|S-rerr-butylalanme)-aniino-3-N-(3-(2-pyridyl)-pbhenyl 
30 acetyl)-amino-propan-2-one 

Following the procedure of Example 14 (a-e), except substituting " N-benzzyloxycarbonyl-L-p- 
rerr-butylalanine" for "Cbz-leucine", the title compound was prepared: MS (ES+) 5545.2 (M+H + ), 
567.3 (M+Na+). 
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Example 31 

Preparation of 1 -N-(2-(3-biph envn-4-methvt-valeivi)-aniino-3-N-C 2-pvrid vl-sulfopnvl V 
amino-propan-2-one 
5 a) 3-bromo-phenyl methyl acetate 

3-Bromo phenyl acetic acid (2.15g, 10 mmol) was dissolved in ether, thenn was 
treated with a solution of diazomethane until the yellow color persisted. The reaction was 
then quenched with AcOH, concentrated in vacuo and was used in the next reactioon without 
further purification. 

10 

b) 3-biphenyl methyl acetate 

3-bromo-phenyl methyl acetate (2.29g, 10 mmol) was dissolved in toluenee (30 ml). 
Then, phenyl boronic acid (1.46g, 12 mmol) was added followed by aqueous sodiuum 
carbonate (2M, 4.24 ml, 40 mmol), then tetrakis(triphenylphosphine) palladium (00.35g, 0.3 
15 mmol) and was re fluxed overnight. The reaction was cooled to RT, diluted with ssatu rated 
ammonium chloride, then extracted with EtOAc ( 2 x 10 ml). The combined organnics were 
dried with magnesium sulfate, filtered, concentrated, and chromatographed (silica i gel, 5% 
EtOAc: hexanes) to provide the desired product as a white solid (1.93g, 84%): M£S(ES): M 
+H*= 263. 

20 

c) 3-biphenyl acetic acid 

3-Biphenyl acetyl methyl ester was dissolved in MeOH (40 ml) and water r (6 ml), 
then LiOH-hydrate (0.7g, 16.8 mmol) was added, and the reaction was stirred at RTT for 2h. 
The reaction was diluted with water, acidified with 6N hydrochloric acid (1 ml), thhen with 
25 EtOAc (2 x 10 ml). The combined organics were dried with magnesium sulfate, filtered, 
and concentrated to give the desired product as a white solid (1 .66 g, 93%): 1H NIMR: d: 
7.6-7.25 (m, 9H), 3.7 (s, 2H) 
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d) 2-(3-biphenyl)-4-methyl-penM-enoic acid 

nBuLi (3.26 ml, 1.6 M in hexanes) was added drop wise to a solution of diliisopropyl 
amine (0.74 ml, 5.3 raraol) in THF (6 ml) at 0 C. The reaction was stirred for 15 r minutes, 
then was cooled to -78 C. 3-Biphenyl acetic acid (0.5g, 2.35 mmol) wasa dissolvecd in THF 
(2 ml) and was added dropwise to the LDA solution. The reaction was warmed toa 0 C, 
stirred 40 minutes, then cooled to -78 C. Isobutenyl bromide (0.475g, 3.52 mmol)l) was 
added and the reaction was stirred for lh. Water (2 ml) was added and the THF wvas 
removed in vacuo. The reaction was diluted with water, acidified with 6N hydrochhloric acid 
(1 ml), then with EtOAc (2 x 10 ml). The combined organics were dried with maggnesium 
sulfate, filtered, concentrated, chromatographed (silica gel, 5% MeOH: methylenee chloride) 
to give the desired product as a white solid (1.66 g, 93%): 1H NMR: d: 7.6-7.3 (ran, 9H), 
4.75 (d, 2H), 3.87 (t, 1H), 2.87 (dd, 1H), 2.50 (dd, 1H), 1.70 (s, 3H). 

e) 2-(3-biphenyl)-4-methyl-pentanoic acid 

2-(3-BiphenyI)-4-methyl-pent-4-enoic acid (0.5g, 1.87 mmol) was dissolwed in 
EtOAc (25 ml). Then, 10% Pd/C (60 mg) was added and the reaction was stirred f for 2.5 h 
under a balloon of hydrogen gas. The reaction was filtered, concentrated in vacuo,), then 
was redissolved in 1:5 EtOAc: EtOH (15 ml). Then, 10% Pd/C (80 mg) was addedd and the 
reaction was stirred under a balloon of hydrogen gas overnight. The reaction was 1 filtered, 
concentrated in vacuo, and chromatographed (silica gel, 5% MeOH: methylene chkloride) to 
give the desired product as a white solid (1.66 g, 93%): IH NMR: d: 7.6-7.3 (m, S9H), 3.7 
(t, 1H), 2.07-1.95 (m, 1H), 1.8-1.7 (m, 1H), 1.6-1.45 (m, 1H). 

f) l-N-(2-(3-biphenyl)-4-memyl-valeryI)-aniino-3-N-(2-pyridyl-sulfonyl)-arnino-pDropan-2- 
one 

Following the procedure of Example 1 (a) and (d), except substituting M 3-«4- 
biphenyl)-4-methyl-pentanoic acid " for "Boc-leucine\ the title compound was preepared: 
MS (ES+) 480.2 (M+H+). 
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Example 32 

preparation of 1 -N^2^3-biphenvlM-methvl-valervlVatnino-3-N-(2-cajboxvmethhv1- 
phenvl-sulfonvlVamino-propan-2-one 
5 a) 1 -N-(2-(3-biphenyI)-4-methy 1-valery l)-amino-3-N-(2-carboxymethy I-pheny 1-suulfony l)-amino- 
propan-2-one 

Following the procedure of Example 31 (a-f), except substituting "2- 
carboxymethyl-phenyl sulfonyl chloride" for "2-pyridyl sulfonyl chloride", the tititle 
compound was prepared: MS (ES+) 537.1 (M+H+), 559.1 (M+Na+), 1073.5 (2M4+H+), 
10 1095.3 (2M+Na+). 

Example 33 

Preparation of 1 -N-(2-f 3 -biphen vlV4-meth y 1- valervl Vami no-3 -N-f 4-cvan o-pheny VI - 
15 sulfonvn-am ino-propan-2-one 

a) l-N-(2-(3-biphenylM-methyl-valeryl)-arm 

Following the procedure of Example 31 (a-f), except substituting "4-cyanno-phenyI sulfonyl 
chloride" for ""2-pyridyl sulfonyl chloride", the title compound was prepared: MSS (ES+) 504.3 
(M+H+). 

20 

Example 34 

Preparation of 1-N-f2-(3-biphenvn-4-methvl-valervn-amino-3-N-(8-quinoline carfrbonyn- 
ami no-propan-2-one 

25 a) l-N-(2-(3-biphenyl)-4-methyl-vaIeryI)-amino-3-N<8-quinoline caibonyl)-aminno-propan- 
2-one 

Following the procedure of Example 31 (a-f), except substituting "8-quinnoline carboxylic acid 
and EDCI" for " M 2-pyridyl sulfonyl chloride", the title compound was prepared: NMS (ES+) 494.2 
(M+H+). 
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Example 35 

preparation of 1 -N-('2-(3-biphenvl)-4-rnethvl-valervn-amino-3-N-('3-(2-pvridvn-phhcnvl 
^ry1Vamino-oronan-2-one 
5 a) l.-N-(2-(3-biphenyl>^methyl-valeryl)-amino-3-N-(3-(2-pyridyI)-phenyl acetyl)-)-amino- 
propan-2-one 

Following the procedure of Example 34 (a), except substituting "3-(2-pyriadyl)-phenyl acetic 
acid " for ""8-quinoline carboxylic acid", the title compound was prepared: MS (ESS+) 534.3 (M+H + ). 

10 Example 36 

Preparation of 1 -N-f2-(3-biphenYn^-methvl-valervlVarnino-3-N-(3-r3-ovridvn-3-pphenvl 
acetvn-am ino-propan-2-one 

a) l-N<2<3-biphenyI)^-memyl-valeryl)-arnino-3-N-(3-{3-pyridyl)-3-phenylacetyV0- 
15 amino-propan-2-one 

Following the procedure of Example 34 (a), except substituting "3-(3-pyriddyl)- 
phenyl acetic acid " for ""8-quinoline carboxylic acid", the title compound was preppared: 
MS (ES+) 534.3 (M+H+). 

20 Example 37 

Preparation of l-N-r2-(3-biDhenvn-4-methvl-valervlVamino-3-N-f2-pvridine carbopnvn- 
amino-propan-2-one 

a) 1 -N-(2-(3-biphenyl)-4-methyl-valeryl)-amino-3-N-(2-pyridine carbonyl)-amino-j-propan- 
25 2-one 

Following the procedure of Example 34 (a), except substituting "2-pyridinae 
carboxylic acid " for 8-quinoline carboxylic acid\ the tide compound was prepanred: MS 
(ES+) 444.3 (M+H+). 

30 Example 3S 

Preparation of 1 -N^2-(3-biphenvlM-methYl-valervn-amino-3-N-(5-(2-Dvridine)- 

thiophene-carbonvlVamino-propan-2-one 

a) l-N-(2-(3-biphenyl)^memyl-valeryl)-anuno-3^ 

ami no- prop an -2-one 

35 Following the procedure of Example 34 (a), except substituting *'5-(2-pyriddine)- 

thiophene-carboxylic acid " for ""8-quinoline carboxylic acid", the title compound \ was 
prepared: MS (ES+) 526.3 (M+H+), 105 1 .3 (2M+H+). 
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Example 39 

Preparation of l-N^2^3-biphenvl>^-meriivl-valerv n-aminc^3-N-m-bcnz vl^pipeeridine- 
5 carbonvH-ami no-propan-2-one 

a) l-N-(2<3-biphenyI)^-methyl-valeryI)-amino-3-N-( N-benzyl-4-pipcridine-carboonyI)-amino-propan- 
2-one 

Following the procedure of Example 34 (a), except substituting ** N-benzyW-4- 
piperidine-carboxylic acid " for ""8-qumoline carboxylic acid", the title compound I was 
10 prepared: MS (ES+) 540.3 (M+H+). 

Example 40 

Preparation of 1 -N-^^S-biphenvn^-methvl-valervn-amino-S-N-q-quinoHneK^rboonyn- 
15 amino-propan-2-one 

a) l-N-(2-(3-biphenyl)-4-memyl-valeryl)-amino-3-N-(2^ 
2-one 

Following the procedure of Example 35 (a), except substituting "2-quinolirine- 
carboxylic acid " for ""8-quinoline carboxylic acid", the title compound was prepanred: MS 
20 (ES+) 494.2 (M+H+). 

Example 41 

Preparation of 1 -N-(2-(3-biphenvn^memvl-valervlVamino-3-N-(2-K^oxyl-phen^yl-s ulfonvlWmino- 
25 propan -2-one 

a) l-N-(2-(3-biphenyl)^memyl-valeiyI)-ain^ 
one 

l-N-(2-<3-biphenyl)^memyl-vaieryl)-aniino-3-N^ 
propan-2-one (94 mg, 0.175 mmol) was dissolved in MeOH (10 ml), water (1 ml), tthen LiOH-H20 (8 
30 mg, 0.18 mmol) was added and the reaction was stirred for 15minutes at RT. The nreaction mixtrure 
was then quenched with IN HCl in ether (0.2 ml), concentrated in vacuo, then chroomatoagraphed on 
silca gel (60:40: 1 EtOAc: hexanes: AcOH) to produce a white solid (60 mg, 66%): : MS (ES+) 523.2 
(M+H+), 555.2 (M+Na+). 
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preparation of 1 -N-Cl-rS-biphenvn^-methvi-valeryn-amino -S-N-f 4-C-tetrazole-phhenvl- 
pnlfnnvlWmino-propan-2-one 
5 a) 1 -N-(2<3-biphenyI)^methyl-valeryI)-aroino-3-N^4-C-tetrazoIe-phenyl-sulfonnyl)- 
one 

l-N-(2-(3-biphenyl)^memyl-valeryl)-amino-3-^ 
one (300mg, 0.6 mmol) was dissolved in N-methyl pyrolidinone (3 ml), then sodiuum azide (116 mg, 
1.8 mmol) and methyl amine-HCl (0-124 g f 0-9 mmol) was added and the reactionn was heated to 100 
10 degrees C and was stirred for 5.5 h. The crude reaction mixture was cooled to RT,.\ then 

chromatographed on silica gel (5% MeOH-1% AcOH-94% methylene chloride) to > yield a whte solid 
(125 mg, 38%): MS (ES+) 547.2 (M+H+). 

Example 43 

15 

Preparation of 1 -N-(2-f 3-biphenvD-4-meth vl-vaJervl Vamino-3-N-(3-f 2-pvridvl-(phhenv1 

acetvlVamino-fS)-butan-2-one 

a) Cbz-L-ala-bromo methyl ketone 

Isobutyl chloroformate (2.74 ml, 21.2 mmol) was added dropwise to a soluution of Cbz-L- 
20 alanine (4.7 g, 21.2 mmol) and N-methyl morpholine (2.32 ml, 21.2 mmol) in THFF (40 ml) at -40 

degrees C. The reaction was stirred 15 min, then was filtered, and was washed witlth ether. 

Diazomethane from 12 g of l-methyI-3-nitro-nitroso-guanidine and 36 mi of 40% ] KOH in ether (300 

ml) was added and the reaction was placed in a refrigerator overnight (0 degrees C^). 30% HBr/ AcOH 

(14 ml) was added dropwise to the crude reaction mixture and was stirred 5 minutees. The solution was 
25 washed with aqueous citric acid (50 ml x 2), saturated aqueous sodium bicarbonatee (3 x 150 ml), then 

brine (100 ml). The combined organics were dried with magnesium sulfate, filtereed, and concentrated 

in vacuo to give a solid which was used in the next step without purification: MS ((ES+) 360.3 

(M+H+). 

30 b) Cbz-ala-azido methyl ketone 

Cbz-L-ala-bromo methyl ketone (1.5 g, 5 mmol) was dissolved in DMF (HO ml), then sodium 
azide (0.39 g, 6 mmol) and potassium fluoride (0.58 g, 7-5 mmol) was added and tithe reaction was 
stirred overnight The reaction was partitioned between EtOAc and water, then thee combined organic 
extracts were dried with magnesium sulfate, filtered, concentrated in vacuo, then cbhormatographed (2- 

35 5% MeOH, methylene chloride, silica gel) to provide the title compound as a whitee solid (0.5 g, 38%), 
IR (thin film): 2106.4 cm' 1 
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c) (S)-N-Cbz-3-amino- l-azido-butan-2-ol 

Cbz-ala-azido methyl ketone (0.5, 1.9 mmol) was dissolved in MeOH (10 1 ml) and 
sodium borohydride (0-144 g, 3.8 mmol) was added at 10 degrees C and the reactidon was 
stirred for 15 minutes. The reaction was quenched with water (10 ml) arid was extitracted 
5 with EtOAc (25 ml). The combined organic extracts were dried with magnesium ssulfate, 
filtered, concentrated to give the title compound without further purification (0.5 g*. quant.). 

d) (S)-N-Cbz-3-amino- l-amino-butan-2-oI 

(S)-N-Cbz-3-amino- 1 -azido-butan-2-oI (0.5 g, 1.9 mmol)was dissolved in ] MeOH 
10 (7.5 ml) and triethyl amine (1.0 ml, 7.1 mmol), propan-13-dithiol (1.07 ml, 10 mnmol) was 
added and the reaction was stirred overnight, concentrated in vacuo, then the whitee solid 
was washed with hexane providing the title compound which was used in the next i reaction 
without further purification: MS (ES+) 239.3 (M+H+). 

15 e) l-N-(Cbz)-amino-3-N-(3-(2-pyridyI-(phenyl acetyl)-amino-(S)-butan-2-ol 

(S)-N-Cbz-3-aminc-l-amino-butan-2-ol (0.452 g, 1.9 mmol), 3-(2-pyridyl))-phenyl 
acetic acid (0.4 g, 1.9 mmol) were dissolved in DMF (15 ml) and HOBT-H2O (0.227 g, 2 
mmol) EDCI (0.38 g, 2 mmol) and added, and the reaction was stirred overnight. r The 
reaction was partitioned between EtOAc and 1 N NaOH, the combined organics weere dried 

20 with magnesium sulfate, filtered, concentrated to give the title compound (0.33g, 4d0%): 
MS (ES+) 434.2 (M+H+). 

f) l-N-(3-(2-pyridyl-(phenyI acetyl)-amino-(S)-butan-2-ol-3-amine 

l-N-(Cbz>arnino-3-N-(3-(2-pyridyl-(phenyl acetyl)-amino-(S>butan-2-ol ( (0.33 g, 
25 0.76 mmol) was dissolved in EtOH (12 ml), then 10% Pd/C (0.08 g) was added andd the 
reaction was stirred under a balloon of hydrogen gas overnight The reaction was fifiltered 
through Celite, concentrated in vacuo, and was used in the next reaction without funrther 
purification: MS (ES+) 3003 (M+H+). 

30 g) 2-(3-biphenyl)-4-methyl-valeryl chloride 

Thionyl chloride (0-25 ml, 3.4 mmol) was added drop wise to a solution of 22-(3- 
biphenyl)-4-niethyl-pentanoic acid (0.54 g, 2 mmol) in toluene (25 ml), then a dropp of 
DMF was added, and the reaction mixture was stirred 2h at RT. The reaction mixtuure was 
concentrated in vacuo and was used in the next reaction without further purificationn: IR 

35 (thin film): 1790.65 cm" 1 
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h) l-N^2^3-biphenyI)^n^thyl-valeiyI)-aininCH3-N-(3<2-pyridyI-(phenyl acetyl)-)-amino- 
(S)-butan-2-oI 

2-(3-biphenyl)-4-methyl-valeryl chloride (0.22g, 0.76 mmol) was added draopwise 
to a solution of 1 -N-(3-(2-pyridyl-(phenyl acetyl)-amino-(S>-butan-2-ol-3-amine ( ( 0.28 g, 
0.76 mmol), NMM (0.42 ml, 3.8 mmol) in DMF (10 ml) and the reaction was stirrered 1 h. 
The reaction was extracted with EtOAc, IN NaOH, and the combined organics wenre dried 
with MgS04, filtered, concentrated, and chromatographed (silica gel, 4% MeOH-CTJ^C^) 
to produce a white foam (0.24 g, 57%): MS (ES+) 550.3 (M+H+). 

i) 1 -N-(2-(3-biphenyl>-4-methyl-valery I)-amino-3-N-(3-(2-pyridy Kphenyl acety l)-&amino- 
(S)-butan-2-one 

Following the procedure of Example 15 (c), except substituting " l-N-(2-(33- 
biphenyl)-4-methyl-valeryl)-amino-3-N-(3-(2-pyridyl-(phenyl acetyl)-amino-(S)-buutan-2- 
ol" for "l-N-(N-pentafluorobenzoyl-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl aceetyl)- 
amino-propan-2-ol", the title compound was prepared: MS (ES+) 494.2 (M+H+). 

Example 44 

Preparation of l-N-r2-f3-biphenvl)-3-methvl-valerylVl-N-methvl -amino-3~N-(3-r72- 
pyridyi -(phenyl acetylVamino-propan-2-one 

a) N-(2-(3-biphenyl)-3-methyl-vaIeryl)-l-N-methyl -glycine ethyl ester 

2-(3~BiphenyI)-4-methyI-valeryl chloride (Example 44 (g), 2 g, 7 mmol) waas added 
to a solution of sarcosine ethyl ester hydrochloride (1.07 g, 7 mmol) in NMM (1.9 nml, 17.5 
mmol) in DMF (10 ml). The reaction was stirred at RT for 2.5 h, concentrated in vaacuo, 
chromatographed (silica gel, 10% EtOAc/ hexanes) to produce a clear liquid (2g, 788%): MS 
(ES+) 368.4 (M+H+). 

b) N-(2-(3-biphenyl)-3-methyl-vaIeryl)-l-N-methyl-gIycine 

LiOH-H20 (0.25 g, 6 mmol) was added to a solution of N-(2-(3-biphenyI)-33- 
methyl-valeryl)-l-N-methyl-gIycine ethyl ester (2g, 5.45 mmol) in THF (30 ml)/ H220 (3 
ml) and was stirred for 2h at RT. The reaction mixture was treated with IN HC1 in cether (7 
ml), then was concentrated in vacuo to produce a white solid that was used in the nesxt 
reaction without further purification: l H NMR (8): 7.2-2.6 (m, 9H), 4.3 (d, 1H), 4.C0 (d, 
1H), 3.05 (s. 3H), 3.0 (s, rotamer), 0.8- 1 .0 (m, 6H). 
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c) l-N-(2<3-biphenyl)-3-methyl-va!ery^ 
acetyl)-amino-propan-2-ol 

Following the procedure of Example 43 (a-e), except substituting " N-(2-<:{3- 
biphenyl)-3-methyl-valeryl)-l-N-methyI-glycine" for "Cbz-L-alanine", the title conmpound 
5 was prepared: MS (ES+) 550.3 (M+H+), 

d) -l-N^2K3-biphenyl)0-methyl-vaIeryl)-l-N-methyl-arruno-3-N-(3-(2-pyridyl-(pbhenyl 
acety l)-ami no-propan-2-one 

Following the procedure of Example 15 (c), except substituting M l-N-(2-(33- 
10 biphenyl)^-methyl-valei7l)-l-N-methyl-arnino-3-N-(3-(2-pyridyl-(phenyl acetyl)-i-amino- 
propan-2-ol" for " l-N^N-pentafluorobenzoyl-leucinyl)-amino-3-N-(3-<2-pyridyl)-i-phenyl 
acetyl)-amino-propan-2-ol", the title compound was prepared: MS (ES+) 548.2 (Mrl+H + ). 

Example 45 

15 

Preparation of 1 -N-fN-2-pvridvl carbonyl-leucinvn-amino-3-N-f4-phenoxv-phenvM 
carbonvO-amino-propan-2-one 

a) l-N-(N-2-pyridyl carbonyi-leucinyI>amino-3-N-(4-phenoxy-phenyI carbonyl)-aamino- 
propan-2-one 

20 Following the procedure of Example 1 (a-c), except substituting "4-phenoxxy- 

phenyl-carboxylic acid and EDO" for "2-pyridine sulfonyl chloride", and of Exampple 15 
(c), except substituting "l-N-(N-2-pyridyl carbonyI-!eucinyl)-amino-3-N-<4-pheno>xy- 
phenyl carbonyl)-amino-propan-2-ol" for "l-N-(N-pentafluorobenzoyl-leucinyI)-anmino-3- 
N-(3-(2-pyridyI)-phenyl acetyl)-amino-propan-2-or, the title compound was prepaored: MS 

25 (ES+) 503.3 (M+H+). 

Example 46 

Preparation of 1 - N-n^-S^uinoline^irbonvl-leucinvlVamino-3-N-r4-phen ox v-phennvl 
30 carbonvlVamino-propan-2-one 

a) l-N-(N-8-quinoline-carbonyl-leucinyl)-amino-3-N-(4-phenoxy-phenyI carbonyl)!)-amino- 
propan-2-one 

Following the procedure of Example 1 (a-c), except substituting "4-phenoxxy- 
phenyl-carboxylic acid and EDO" for "2-pyridine sulfonyl chloride" and "8-quinoliline 
35 carboxylic acid" for "2-pyridine carboxylic acid", and Example 15 (c), except substituting 
" 1 -N-(N-8-quinoline-carbonyl-leucinyl)-amino-3-N-(4-phenoxy-phenyl carbony l)-aamino- 
propan-2-ol" for " l-N-(N-pentafluorobenzoyl-leucinyl)-amino-3-N-(3-<2-pyridyl)-pphenyl 
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acetyl)-amino-propan-2-or\ the title compound was prepared: MS (ES+) 553.3 (M1+H+), 
575.2 (M+Na + ). 

Example 47 

5 

Preparation of l-N-fN-2-quin onne-caTbonvl-leuctnvn-amino-3-N^4-Dhenoxv-pheenvl 
carbonvD-amino-propan-2-one 

a) 1 -N-(N-2-quinoline-carbony l-leucinyl)-amino-3-N-(4-phenoxy-phenyi carbonyI;l)-amino- 
propan-2-one 

10 Following the procedure of Example 1 (a-c), except substituting "4-phenoxxy- 

phenyl-carboxylic acid and EDCI" for "2-pyridine sulfonyl chloride" and "2-quinobline 
carboxylic acid" for "2-pyridine carboxylic acid", and Example 15 (c), except substituting 
" 1 -N-(N-8-quinoline-carbonyl-Ieucinyl)-amino-3-N-(4-phenoxy-phenyl carbonyl)-^amino- 
propan-2-ol" for " l-N-(N-pentafluorobenzoyl-leucinyl)-amino-3-N-(3-(2-pyridyl)-j-phenyl 

15 acetyl)-amino-propan-2-ol" t the title compound was prepared: MS (ES+) 553.2 (M-1+H+), 
575.2 (M+Na + ). 

Example 48 

20 Preparation of 1 -N^N-CCbz-norvalinyh-amino-3-N-(8-quinoIine-sulfonyl)-amino-ppropan- 
2rone 

a) l-N-(N^bz-norvalinyl)-amino-3-N-(8-quinoline-sulfonyl)-amino-propan-2-one; 

Following the procedure of Example 14 (d-e), except substituting "Cbz-norrvaline" 
for "Cbz-leucine" and "8-quinoline sulfonyl chloride" for "3-(2-pyridyl)phenyl acebtic acid 
25 and EDCI", the title compound was prepared: MS (ES+) 5 1 3.2 (M+H+). 

Example 49 

Preparation of l-N-f8-quinoline-sulfonvn-amino-3-N-(8'<iuinoline-sulfonvlVaminoo- 
30 propan-2-one 

a) l-N-(8-quinoline-sulfonyl)-ammoO-N^8^uinoline-sulfonyl)-amino-propan-2-oone 

Following the procedure of Example 48, the title compound was prepared «side 
product): MS (ES+) 471.2 (M+H+). 
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Frr ,~H„n nf i.N-r2-(3-bi r ^nvn-Vmethv]-v a Tr.rv1Vamino-3-N-(g-quipQUpe -puWonyT)- 
g minf>-p^npan-2-one 

5 a) i-N-(2K3-biphenyl)-3-methyl-valeryI)-arnino-3-N^8^uinoline -sulfonyl)-aminno- 
propan-2-one 

Following the procedure of Example 31 (a-d), substituting ^uinoline suulfonyl 
chloride" for "2-pyridyl-sulfonyl M and Example 15 (c), except substituting "l-N-(22-(3- 
biphenylM-methyi-r^ntaimdo 

propan-2-ol the title compound was prepared: MS (ES+) 530.3 (M+H+). 

Example 5 1 



15 P^ p.r^rinn of 1 -N-r?-r3-hiphe n v l V3-mem Y l-v a1erYl VaminQ-?-N-( 2-f 3-biphen Y l)-r3- 
m^thvUvalery »)-amino-prf)pan-2-one 

a) i.NK2K3-biphenyl)-3-memyl-valeryl)-amino-3-N-(2-(3-biphenyI)-3-methyl-vakleryl)- 

amino-propan-2-one 

Following the procedure of Example 50, the tide compound was prepared ( (side 

20 product): MS (ES+) 6 1 1 .3 (M+Na + ). 

fix ample 52 

p^ p^Hnn nf 1 .N^-fC ^-nnrvalinvn-amin^^ 

25 one 

a) l-N<NKCbz-norvalmyl)^^ 

Following the procedure of Example 48 , the title compound was prepared 1 (side 

product): MS (ES+) 5773 (M+Na+). 

3Q Example 53 

Pr oration of i.((3-bTh^nvn-but-3 ^ne-l^arbonv1 Vamino-3-N-(3-(7-PYrjdYl)-phqenyl 
ar^tvlVamino-pronan-2-Qpe 
a) 2-(3-biphenyl)-pent-4-enoic acid 
35 Following the procedure of Example 31 (d), except substituting "allyl bronmide" fc 

"isobutenyl bromide H , the title compound was prepared: 1H NMR: d: 7.29-7.58 (nm, 9H), 
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5.71-5.82 (m, 1H), 5.04 (d, 1H), 5.08 (d, 1H), 3.67 (t, 1H), 2.77-2.84 (m, lH),2.46->-2.56 (m, 
1H). 

b) l-((3-biphenyI)-but-3-ene-l-carbonyl)-amino-3-N-(3-(2-pyridyI)-phenyl acetyl)->-amino- 
5 propan-2-one 

Following the procedure of Example 14 (a-d), except substituting "2-(3-bipphenyl)- 
pent-4-enoic acid" for "Cbz-leucine" and Example 15 (c) t except substituting *'1-«X3- 
biphenyl)-but-3^ne-l-carbonyI)-ammo : 3-N-(3-(2-pyridyl)-phenyIacetyl)-ar^ 
ol" for "l-N-(N-pentafluorobenzoyl-leucuiyl)-amino-3-N-<3-(2-pyridyI)-phenyl accetyl)- 
10 amino-propan-2-ol", the title compound was prepared: MS (ES+) 518.3 (M+H+), 55403 
(M+Na + ). 

Example 54 

15 Preparation of l-N^2-(3-biphenvlVbut-3-ene-l^art>onvlVamino-3-N-2-(3-biphenvyn-but-3- 
ene- 1 -carbonvn-propan-2-one 

a) l-N-(2-(3-biphenyl)-but-3-ene- l-carrx>nyI)-amino-3-N-2-(3-biphenyl)-but-3-ene--,-l- 
carbonyl)-propan-2-one 

Following the procedure of Example 53, the title compound was prepared ((side 
20 product): MS (ES+) 557.3 (M+H+), 579.2 (M+Na+). 

Example 55 

Preparation of l-(3-biphenvn-ethvl-cvclopropane-l -carbon y lVami no- 3-N-(3-f2-PWridvlV 
25 phenyl acetvl>-amino-propan-2-one 

a) 2-(3-biphenyl)-3-cyclopropyl-propanoic acid 

Following the procedure of Example 29 (a-b), except substituting "2-(3-bipphenyI)- 
pent-4-enoic acid" for "Cbz-L-a-allyl-glycine", the title compound was prepared: 11H 
NMR: d: 7.33-7.73 (m, 9H), 3.77 (t, 1H), 1,93-2.01 (m, IH), 1.78-1.85 (m, 1H), 0J.66-0.71 
30 (m, 1H), 0.41-0.48 (m, 2H), 0.05-0.17 (m, 2H). 

b) 1 -<3-biphenyl)-ethyl-cyclopropane- 1 -carbony l)-amino- 3-N-(3-(2-pyridyl)-phenyyI 
acetyl)-arnino-propan-2-one 

Following the procedure of Example 14 (a-d), except substituting "2-(3-bipphenyl>- 
35 3-cyclopropyl-propanoic acid " for "Cbz-leucine" and Example 15 (c), except substituting 
"l-(3-biphenyl)-ethy 1-cyclopropane- 1 -carbony l)-amino- 3-N-(3-(2-pyridyl)-phenyl 1 acetyl)- 
amino-propan-2-ol" for " l-N-(N-pentafluorobenzoyl-leucinyl)-amino-3-N-(3-(2-pyyridyl)- 
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phenyl acetyI)-amino-propan-2-or\ the title compound was prepared: MS (ES+) 5532.2 
(M+H+). 

Example ^6 

5 

Preparation of l-N-(2-(3-biphenvIV3-methvl-but-3-ene-l -carbon vl)-amino- 3-N-f34-(2- 
pyridvIVphenvl acetvl , l-amino-propan-2-one 

a) l-N-(2-(3-biphenyI)-3-methyl-but-3-ene- l-carbonyI)-amino- 3-N-(3-(2-pyridyl)-t-phenyl 
acetyl)-amino-propan-2-one 

10 Following the procedure of Example 14 (a-d), except substituting "2-(3-bipphenyl)- 

4-methyl-pent-4-enoic acid (Example 31 (d)" for "Cbz-leucine" and Example 15 (cb), except 
substituting " l-(3-biphenyI>3-methyl-but-3-ene- l-carbonyl)-amino-3-N-(3-(2-pyriddyl)- 
phenyl acetyl)-amino-propan-2-oI" for M l-N-(N-pentafluorobenzoyl-leucinyl)-aminno-3-N- 
(3-(2-pyridyl)-phenyl acetyl)-amino-propan-2-ol", the title compound was preparedd: MS 

1 5 (ES+) 532.2 (M+H+), 554.2 (M+Na + ), 

Example 57 

Preparation of l-n-biphenviy3-methvl-but-3-ene-l^arbonyI)-aminoV 3-(3-biphenMvn-3- 
20 methy t-but-3-ene- 1 -carbon y D-ami no-propan-2-one 

a) l-(3-biphenyl)-3-methyl-but-3-ene- 1 -carbonyl)-amino)- 3-(3-biphenyl)-3-methyl4-but-3- 
ene- 1 -carbony I)-amino-propan-2-one 

Following the procedure of Example 56, the title compound was prepared (:(side 
product): MS (ES+) 585.3 (M+H+), 607.3 (M+Na+). 

25 

Example 58 

Preparation of l-N-(N-(trans-4-propvl cvclohexvl-carbonvlVle ucinvlVamino-3-N-f/3-r2- 
pvridvn-phenyl acetvIVamino-propan-2-one 
30 a) Preparation of l-N-(N-(trans-4-propyl cyclohexyl-K^rbonyl)-leucinyl)-amino-3-hN-(3-(2-pyridyl)- 
phenyl acetyl)-arnino-propan-2-one 

Following the procedure of Example 15 (a-c), except substituting "trans-4-ppropyl-cyclohexyl 
carboxylic acid" for "pentafluorobenzoic acid", the title compound was prepared; M*1S (ES + ) 549.3 
(M+H+ ). 
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Example 59 

Preparation of 1 -N-fN-(2-Quinoxaline-cart>onvn-leucinvn-amino-3-N-f 3-f 2-pvrid^vlVphftnyl 
acetvlVamin o-propan-2-one 
5 a) Preparation of l-NKNK2^uinoxalme-<^bonyI)-leucinyl)-arn^ 
phenyl aceryI)-amino-propan-2-one 

Following the procedure of Example 15 (a-c), except substituting "2-quinaoxaline- 
carboxylic acid" for "pentafluorobenzoic acid", the title compound was prepared: J MS (ES + ) 
553.1 (M+H+). 

10 

Example 60 

Preparation of 1 -N-( , N-(5-(23-dihvdro-benzofuranVcarbonvlVleucinvlVamino-3-N^-f3-r2- 
pvridvlVphenvl acetvlVamino-propan-2-one 
a) l-N-(N-(2-(2,3^iihyaro-tenzofuran)^arbon 
phenyl acetyl )-amino-propan-2-one 

Following the procedure of Example 15 (a-c), except substituting "5^2,3-ddihydro- 
benzofuran)-carboxylic acid" for "pentafluorobenzoic acid", the title compound waas 
prepared: MS (ES+) 543.2 (M+H+). 

Example $1 

Preparation of !-N-f>T-n^-methvl-2-indole-carbonylVleucinvlVamino-3-N^3^2-pyyridyl't- 
phenyl acetyn-amino-propan-2-one 
25 a) Preparation of l-N^^-methyl-2-indole-carbonyI)-leucinyl>-amino-3-N-<3-(22- 
pyridyl)-phenyl acetyl)-amino-propan-2-one 

Following the procedure of Example 15 (a-c), except substituting "N-methyyt-2- 
indole-carboxylic acid" for "pentafluorobenzoic acid", the title compound was preppared: 
MS (ES+) 554.1 (M+H+). 

30 
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Example 62 

Preparation of l-N^-rcvcIohexvl-carbonvn-leiicinv1>-amino-3-N-f3-f2-pvridvn- r -phenyl 
acetvn-amino-propan-2-one 
5 a) Preparation of l-N-(N^cyclohexyl-carbonyl)-Ieucm^ 
acetyI)-amino-propan-2-one 

Following the procedure of Example 15 (a-c), except substituting "cyclohesxyl 
carboxylic acid" for "pentafluorobenzoic acid", the title compound was prepared: IMS (ES + ) 
507.4 (M+H+). 

10 

Example 63 

Preparation of 1 -N-(N-(2-chloro-benzovlVleucin vn-amino-3-N-l'3-f 2-pvridvn-phenn vl 
acetvD-amino-propan-2-one 
15 a) l-N-(N-(2-chloro-ben2oyl)-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyI)-anmino- 
propan-2-one 

Following the procedure of Example 15 (a-c), except substituting "2-chIoroo-benzoic 
acid" for "pentafluorobenzoic acid", the title compound was prepared: MS (ES + ) 5335.2 
(M+H+). 

20 

Example 64 

Preparation of 1 >N4N^2-benzofuran-carbonvl')-leucinvn-amino-3-N-< f 3-(2-pyridvlTtVphenyl 
acetvlVamino-pr opan-2-one 
25 a) l-N-(N<2-benzofuran-<^rbonyl)-leucinyl)-amino-3-N-<3-(2-pyridyl)-phenyI acectyl)- 
amino-propan-2-one 

Following the procedure of Example 15 (a-c), except substituting H 2-benzofrfuran- 
carboxylic acid" for "pentafluorobenzoic acid", the title compound was prepared: NHS (ES+) 
541.2 (M+H+), 573.3 (M+Na+). 
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10 



Preparation of 1 -N-fN-f3-phenox v-phenv1^aTbonv1V1ftiicinvn-amino -3-N-f3-r2-pTjyridv1)- 
phenvi acetylVamino-propan-2-one 

a) l-NKN-(3-phenoxy-phenylK^onyl)-leucinyl)-amino-3-N-(3-(2-pyridyI)-phenayl 
acety l)-amino-propan -2-one 

Following the procedure of Example 15 (a-c), except substituting "3-phenaoxy- 
phenyl carboxylic acid" for "pentafluorobenzoic acid", the title compound was preppared: 
MS (ES+) 593.2 (M+H+). 

Example 66 



Preparation of 1 -N-fN-(4-phenoxv«phenvl-carbonvl>-leucinvn-amino-3-N-(3-f2-pvvridvlV 
phenvl acetvn-amino-pr opan-2-one 
1 5 a) l-N-(N-(4-phenoxy-pheny l-carbonyl)-leucinyl)-amino-3-N-(3-(2-pyridyl)-phen>yl 
acetyl)-amino-propan-2-one 

Following the procedure of Example 15 (a-c), except substituting "4-phenooxy- 
phenyl carboxylic acid" for "pentafluorobenzoic acid", the title compound was preppared: 
MS (ES+) 593.2 (M+H+). 



20 



30 



Example 67 



Preparation of 1 -N-n^-f3-methoxv-2^uinoline-<^trbonvlVteucinvl>-amino-3-N-("3-(-f2- 
pyridylVphenyl acetvn-ami no-propan-2-one 
25 a) 1 -N-(N-(3-methoxy-2-quinoline-carbony l)-leucinyl)-amino-3-N-(3-(2-pyridyl)-pphenyl 
acetyl)-amino-propan-2-one 

Following the procedure of Example 15 (a-c), except substituting "3-methooxy-2- 
quinoline-carboxylic acid" for "pentafluorobenzoic acid", the title compound was pprepared: 
MS (ES + ) 581.2(M+H + ). 



Example 68 



Preparation of l-N-(T^-Cbz-1eucinvltemino-34^3-(2-pyridyl-(phenyl acetyD-aminno-fSV- 
butan-2-one 

35 a) Preparation of l-N-(N-Cb2-leucinyl)amino-3-N-(3-(2-pyridyl-(phenyl acetyl)-anmino-(S)- 
butan-2-one 
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Following the procedure of Example 44 (a-i), except substituting "Cbz-leuucine and 
HBTLT for "2-(3-biphenyl)-4-methyI-pentanoic acid and tfaionyl chloride", the titlde 
compound was prepared: MS (ES + ) 545.3 (M+H+). 



Example 69 



preparation of l-N-fN-^fluorobenzovl Vleucinvnamino-S-N-fS-ri-Pvridvl-Cphenvvl acetvlV 
flminn-fSVbutan-2-one 

10 a) l-N-(N-Boc-leucinyl)amino-3-N-(3-(2-pyridyHphenyl acetyl)-amino-(S)-butan^-2-o] 

Following the procedure of Example 44 (a-i), except substituting "Boc-leuacine and 
HBTLT for "2-(3-biphenyl)-4-methyl-pentanoic acid and thionyl chloride", the titlde 
compound was prepared: MS (ES+) 513.2 (M+H + ). 

15 b) l-N-(leucinyl)amino-3-N-(3-(2-pyridyl-(phenyl acetyl)-amino-(S)-butan-2-ol 

Following the procedure of Example 1 (b), except substituting "l-N-(N-Booc- 
leucinyl)amino-3-N-(3-(2-pyridyl-(phenyI acetyl)-amino-(S)-butan-2-or for "l-N-KBoc- 
leucinyl)-amino-3-N-(2-pyridyl-sulfonyl)-amino-propan-2-or', the title compound \ was 
prepared: MS (ES + ) 413.1 (M+H+). 

20 

c) 1 -N-(N-(4-fluorobenzoyl)-leucinyl)amino-3-N-(3-(2-pyridyl-(phenyI acetyl)-amnino-(S)- 
butan-2-one 

Following the procedure of Example 15 (b-c), except substituting " 1-N- 
(leucinyl)amino-3-N-(3-(2-pyridyl-(phenyl acetyl)-amino-(S)-butan-2-ol " for " leuucinyl- 
25 amino-3-N-(3-(2-pyridyI)-phenyl acetyl)-amino-propan-2-ol " and "4-fluorobenzoiiic acid" 
for "pentafluorobenzoic acid", the title compound was prepared: MS (ES + ) 533.3 (KM+H + ), 
555.1 (M+Na+). 



Example 70 

30 

Preparation of l-N^N^2-benzo thiophene-<^onvn-leucinvnamino-3-NH r 3-(2-pvriridvl- 
(phenyl acetyn-a mino-fSVbutan-2-one 

a) 1 -N-(N-(2-benzomiophene^aitonyl)-leucinyl)amino-3-N-(3-(2-pyridyl-(phenyl I acetyl)- 
amino-(S)-butan-2-one 
35 Following the procedure of Example 79 (a-c), except substituting "2-benzoo- 

thiophene carboxylic acid" for "4-fluorobenzoic acid", the title compound was preppared: 
MS (ES+) 571.2 (M+H+). 
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Example 71 

Preparation of 1 -N-nvM2-pyridyI-methyteneoxv-carbon vl Vleucin vlVamino-3-N-f 1 1 - 
5 naphthalene sulfonvlVamino-DPOpan-2-onc 

a) l-N-(N-(2-pyridyl-methyIeneoxy-carbonyl)-Ieucinyl)-anuno-3-N-(l-naphthalen 
su lfony I) -amino-propan-2-one 

Following the procedure of Example 14 (d-e), except substituting "2-pyrid3lyI 
methyleneoxy carbonyl-leucine" for "Cbz-leucine" and "1 -naphthalene sulfonyl chhloride" 
10 for "3-(2-pyridyI)phenyl acetic acid and EDO", the title compound was prepared: *MS 
(ES+) 527.2 (M+H+). 

Example 72 

15 Preparation of 1 -N-rN-(2-pvridvl-methvleneoxy-carbonylVleucinyn-amino-3-N-n J .3- 
dimethv1-5-chloro-pvrazole-4-sulfonvlVamino-propan-2-one 

a) l-N-(N-(2-pyridyl-methyleneoxy-caibonyl)-leucmyl)-amino-3-N-(l t 3-dimethyl-i-5- 
chloro-pyrazole-4-sulfonyl)-amino-propan-2-one 

Following the procedure of Example 14 (d-e), except substituting "2-pyridyyl 
20 methyleneoxy carbonyl-leucine" for "Cbz-leucine" and "l t 3-dimethyl-5-chloro-pyraazole-4- 
sulfonyl chloride" for "3-(2-pyridyl)phenyl acetic acid and EDCI", the title compouund was 
prepared: MS (ES+)530.2 (M+H+). 

Example 73 

25 

Preparation of 1 -N-TN-f 2-pvrid vl-methvleneoxv-carbonvn-leucinylVamino-3-N-(boenzo- 
^.l■3'tt^igdia2ole-4-sulfopyl)-a^nin<^^-p^opano^e , ^ 

a) 1 -N^^2-pyridyl-memyleneoxy-c^uix)nyl)-leucinyl>amino-3-N-<benzo-2, 1 ,3- 
thiadiazole-4-sulfonyl)-amino-2-propanone) 
30 Following the procedure of Example 14 (d-e), except substituting "2-pyridyyl 

methyleneoxy carbonyl-leucine" for "Cbz-leucine" and "benzo-2,l,3-thiadiazole-4-s-sulfonyl 
chloride" for "3-(2-pyridyl)phenyl acetic acid and EDCI", the title compound was pprepared: 
MS (ES+) 535.2 (M+H+). 



58 



WO 98/50342 PCTT/US9S/08764 

Example 74 

Preparation of 1 -N^-r2-pYr^yl-methvleneoxv-car bonvn-leucinvn-amino-3-N^33.5- 
rfimftthv1-isoya2:ole-4-sulf onvn-amino-propan-2-one 
5 a) !-N-(NK2-pyridyI-methyIeneoxyH:arbo^ 
isoxazole^4-sulfonyI)-amino-propan-2-one 

Following the procedure of Example 14 (d-e), except substituting "2-pyrid>tyl 
methyleneoxy carbonyl-leucine" for "Cbz-leucine" and "S.S-dimethyl-isoxazole^-s-sulfonyl 
chloride" for "3-(2-pyridyl)phenyl acetic acid and EDO", the title compound was pprepared: 
10 MS (ES+) 496.2 (M+H+). 

Example 75 

Preparation of 1-N-m^4-triflnnromethvl benzoyl Vleucinvn-amino-S-N-O-^-Dvriadvn- 
15 phenyl acet yn-amino-prooan-2-one 

a) l-N-(N-(4-trifluoromethyl benzoyl)-leucinyI)-ajnino-3-N-(3-(2-pyridyl)-phenyl zacetyl)- 

amino-propan-2-one 

Following the procedure of Example 15 (a-c), except substituting "4-phenoDxy- 

phenyl carboxylic acid" for "pentafluorobenzoic acid", the title compound was preppared: 
20 MS (ES+) 569.1 (M+H+). 

Example 76 

Preparation of 1 -N-m-f6-henzthiazo1e-carbonvn -leucin vn-amino-3-N-C3-(2-pyridvvn- 
25 phenyl acetvn-amino-p ropan-2-one 

a) !-N^K6-benzmiazole-carbonyI)-leucinyI)-arnincH3-NK3K2-pyridyO accetyi)- 
amino-propan-2-one 

Following the procedure of Example 15 <a-c) t except substituting "6-benzthhiazole 
carboxylic acid" for "pentafluorobenzoic acid'\ the title compound was prepared: M-fS (ES + ) 
30 558.2 (M+H+). 
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Example 77 



preparation of l-N^-f6^u inoIine^arbonvlVleucinvh-amino-3-N-f3-f2-pvridyn-i-phenvl 
acetvlVami n o-propan -2-one 
5 a) l-N^-(6^uinoline-c^onyl)-Ieucinyl)-amino-3-N-(3-(2-pyridyI)-phenyI acetyyl)- 
amino-p ropan-2-onc 

Following the procedure of Example 15 (a-c), except substituting "6-quinobline 
carboxylic acid" for "pentafluorobenzoic acid", the title compound was prepared: NMS (ES+) 
552.3 (M+H+). 

10 

Example 78 



preparation of 1 -N -rN-f4-fluoro-benzovn-norleucinvn-amino-3-N-f 3-r2-Pvridvn-pbhenvl 
acetvlVamino-propan-2-one 
15 a) l-N-(N-(4-fluoro-benzoyl)-norleucinyl)-amino-3-N-(3-(2-pyridyI)-phenyl acetyl^)-amino- 
propan-2-one 

Following the procedure of Example 15 (a-c), except substituting "l-N-( N-f-Cbz- 
norleucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyl)-amino-propan-2-oI" (cf. Exanmple 
27) for "l-N-( N-Cbz-leucinyl)-amino-3-N-(3-(2-pyridyI)-phenyl acetyl)-amino-proopan-2- 
20 ol " and "4-fluorobenzoic acid" for "pentafluorobenzoic acid", the title compound wvas 
prepared: MS (ES + ) 519.2 (M+H+). 

Example 79 

25 Preparation of 1 -N-<T^-f2-naphthvlK^ibony1Vnorleucinvn-amino-3-N-(3-r2-pyridvldV 
phenyl acecvlV amino-propan -2-one 

a) 1 -N-(N-(2-naphthy 1-carbony l)-norleucinyl)-amtno-3-N-(3-(2-pyridyl)-pheny 1 aceetyl)- 
amino-propan-2-one 

Following the procedure of Example 78, except substituting "2-naphthyl caarboxylic 
30 acid" for "4-fluorobenzoic acid", the title compound was prepared: MS (ES+) 55 1 -22 
(M+H+). 
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Preparation of l-N-n^-r3.4^i methoxv-benzovn-norieucinvIVamino-3-N-( f ^-|'2-pvvridvh- 
phenyl acetyO-amino-propan-2-one 

a) 1 -N-(N^3,4^imethoxy-benzoyI)-norleucinyI)-arnino-3-N-(3K2-pyridyl)-phenyy I acetyl)- 
amino-propan-2-one 

Following the procedure of Example 78, except substituting "3,4- 
dimethoxybenzoic acid" for "4-fluorobenzoic acid", the title compound was prepanred: MS 
(ES+) 561.2 (M+H+X 1 121.3 (2M+H+) 

Example 81 

Preparation of 1 -N-rN-( f 5-benzothiophene- carbonvn-norleuctnyl>-amino-3-N-l'^-p?- 
pyridvn-phenvl acetvn-amino-propan-2-one 

a) l-N-(N-(5-benzothiophene-carbonyl)-norleucinyl)-amino-3-N-(3-(2-pyridyl)-phhenyl 
acety I )-amino-propan-2-one 

Following the procedure of Example 78, except substituting "5-thiophene-- 
carboxylic acid" for "4-fluorobenzoic acid", the title compound is prepared. 

Example 82 

Preparation of 3-N-rN- Cbz-leucin vH-amino- 1 -N-f phenyl V5-methvl-hexan-2-rme. 

a) Cbz-leu-Ieu-bromo methyl ketone 

Isobutyl chloroformate (1.37 ml, 10.58 mrnoi) was added dropwise to a soblution of 
Cbz-leu-leu-OH (4.0 g, 10.58 mmol) and N-methyl morpholine (1.16 ml, 10.58 mnmol) in 
THF (20 ml) at -40 degrees C. The reaction was stirred 15 min, then was filtered, i and was 
washed with ether. Diazomethane (mmol from 5,9 g of l-methyl-3-nitro-nitroso-gguanidine 
and 18 ml of 40% KOH in 150 ml of ether) in ether (50 ml) was added and the rcaaction was 
placed in a refrigerator overnight 30% HBr/ AcOH (7.0 ml) was added dropwise t to the 
crude reaction mixture and was stirred 5 minutes. The solution was washed with 115% 
aqueous citric acid, saturated aqueous sodium bicarbonate, then brine. The combirined 
organics were dried with magnesium sulfate, Filtered, and concentrated in vacuo too give a 
solid which was used in the next step without purification: MS (ES + ) 455.4, 457.4 1 (M+H + ), 
477.3, 479.3 (M+H+). 

b) a) (S)-3-N-(N-Cbz-leucinyl)-amino- 1 -N-(phenyl)-5-methyl-hexan-2-one 
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Cbz-Leu-LeuCH 2 Br (0. lg, 0.22 mmol) was dissolved in DMF (1 .0 ml), thhen 
potassium fluoride (0.02 g, 0.33 mmol) and aniline (0.061 g, 0.66 mmol) were addded and 
the reaction mixture was stirred at RT overnight. The reaction was extracted with 1 EtOAc/ 
H2O, the combined organic extracts were dried with magnesium sulfate, filtered, 
concentrated in vacuo and chromatographed to provide the title compound as a whhite solid 
(18 mg, 18%): MS (ES+) 468.4 (M+H+). 



The above specification and Examples fully disclose how to make and use t the 
compounds of the present invention. However, the present invention is not limited i to the 
particular embodiments described hereinabove, but includes all modifications thereeof 
within the scope of the following claims. The various references to journals, patentits and 
other publications which are cited herein comprise the state of the art and are incoqrporated 
herein by reference as though fully set forth. 
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We claim: 

1 . A compound of Formula I: 



R' 




wherein: 

R*. R.2 and are independently selected from the group consisting of H, 
Ci-6 alkyl, C3_i icycloalkyl, C2-6 alkenyl, C2-6 alkynyl, Ar. Het, Ci_6 alkyl -Ar, 
C3-1 icycloalkyl-Ar, C2-6 alkenyl-Ar, C2-6 alkynyl- Ar; Ci-6 aikyl-Het, 
C3-I icycloalkyl-Het, C2-6 alkenyl-Het, and C2-6 alkynyl-Het; 

R 4 is selected from the group consisting of N-(R 6 )-NHCH(Ci_6 alkyl)-CO,), N,N- 
R6-<Ci-6 alkyl)-N(Ci-6 alkyI)-CO, N-(R 6 )-NHCH(C2-6 alkenyl)-CO-, N<R<5>NH*CH(C 2 - 
6 alkynyl)-CO-, N-<R 6 )-NHCH(Ci-6 alkyl- Ar)-CO-, N-(R 6 )-NHCH(C2-6 alkenylA\r)-CO-, 
N-(R 6 )-NHCH(C2-6 alkynyl- Ar)-CO-, N-<R 6 )-NHCH(Ci_6 alkyl-Het)-CO-, N<R 66 )- 
NHCH(C2-6 alkenyl-Het)-CO-, N-(R 6 )-NHCH(C2-6 alkynyI-Het)-CO-, ArCO, Ar-«-Ci_6 
alkyl-CO, Ar-S0 2 , Ar-Ci-6 alkyI-S0 2 , Het-CO, Het-Ci-6 alkyl-CO, Het-S0 2 , and I Het-Ci_ 
6 alkyl-S02; 

R5 is selected from the group consisting of N-R 7 -amino acid, Cj_6 alkyl CCO, C3_ 
1 icycloalkyi-CO, ArCO, Ar-Ci-6 alkyl-CO, Ar-S02, Ar-Ci_6 alkyl-S02, Het-CO, , Het-Ci- 
6 alkyl-CO, Het-S0 2 , Q-6 alkyl; Ar- Co-6 alkyl-; Het-Q)-6 a&yl-i 

R^ and R 7 are independently selected from the group consisting of Ar-( Cu-6 
alkyl)-0-CO, Het-( Ci-6 alkyl)-0-CO t Ar-CO, Ar-S0 2 , Het-CO, Het-S0 2 , Ci-6 alkkyl-CO, 
C3-1 icycloalkyl-CO, Ci-6 alkyI-S02. C2-6 alkenyl-CO,C2-6 alkenyl-S02, C2-6 ahlkynyl- 
CO; C2-6 aIkynyl-S0 2 , ArCi-6 alkyl-CO, ArCi_6 alkyl-S02, ArC2-6 alkenyl-CO, , A1C2-6 
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alkenyl-S0 2 , Ar-C2-6 alkynyl-CO,Ar-C2-6 allcynyl-S0 2 , Het-Ci-6 alkyl-CO, Het-Ci_6 
alkyl-S02. Het-C2-6 alkenyl-CO, Het-C2-6 alkenyl-S0 2 , Het-C2-6 alkynyl-CO, annd 
Het-C2-6 alkynyl-S0 2 ; 

and pharmaceutically acceptable salts, hydrates and solvates thereof. 

2. A compound according to Claim 1 wherein R 1 , R 2 and R 3 are independently 
selected from the group consisting of methyl, isobutyl, phenyl, benzyl, and isonicobtinyl. 

3. A compound according to Claim I wherein R 1 , R 2 and R 3 are H. 

4. A compound according to Claim 1 wherein R 4 is selected from the group 
consisting of N-R 6 -leucinyl, N-R 6 -norleucinyl-, N-R 6 -norvalinyl-, N-R 6 -isoleucinyyl-, N- 
R^-a-allyl-glycinyl-, N-R 6 -a^cyclopropylmethyI)-glycinyl-, N-R^-(3-rcn-butyl-alanninyl-2-, 
N-R^-homo-leucinyl-, N^-R^-methyl-leucinyl-, 3-phenoxy-benzoyl, 4-phenoxy-beenzoyl-, 
or 2-benzyloxy-benzoyl, 4-biphenyl acetyl-, 2-(4-biphenyl)-4-methyl-valeryl, 2-(3- 
biphenyl)-4-methyl-vaIeryl, 1 -(3-bipheny t)-but-3-ene- 1-carbonyl, 1 -(3-bipheny l)-ethhyl- 
cyclopropane- 1 -carbonyl, 1 -(3-bipheny l)-3-methyI-but-3-ene- 1 -carbonyl , 3-(2-pyriddyl)- 
phenyl acetyl, 3-(3-pyridyl)-phenyl acetyl, 3-phenoxy-phenyl sulfonyl, 4-phenoxy-pphenyl 
sulfonyl, 3-(4-(3-chloro-2-cyano-phenoxy)-phenyl sulfonyl, and 8-quinoline sulfonyyl-. 

5. A compound according to Claim 1 wherein N-R 7 -amino acid is selected froom the 
group consisting of N-(R 7 )-NHCH(Cl-6 alkyI)<X>, N-(R 7 )-NHCH(C 2 -6 alkenyl)-CCO-, N- 
(R 7 )-NHCH(C 2 -6 alkynyl)-CO-, N-(R 7 >NHCH(Ci_6 aIkyl-Ar)-CO-, Nh(R 7 )-NHCCH(C2-6 
alkenylAr>-CO-, N-(R 7 )-NHCH(C 2 -6 alkynyl-Ar)-CO-, R 7 -7-t-butyl-glutarayl-, R 7 '- 
glutamyl-, and N,N-R 7 -( Cx-C^ alkyl>leucrayK 

6. A compound according to Claim 1 wherein R 5 is selected from the group 
consisting of N-R 7 -leucinyl- t N-R 7 -norleucinyl-, N-R 7 -norvalinyl-^-R 7 -isoleucinyyl-, N- 
R 7 -a-allyl glycinyl-, N-R 7 -<x-(cyclopropylmethyl)-glycinyl-, N-R 7 -{We/*-butyl-alaiininyl-, 
N-R 7 -homo-leucinyl, N-(R 7 )-phenylalaninyl, acetyl, benzoyl, 3-phenoxy-benzoyl, 44- 
phenoxy-benzoyl, 2-benzyloxy benzoyl, 3-benzyloxy benzoyl, or 4-benzyloxy benzcoyl, 2- 
(4-biphenyl)-4-methyl-valeryl, 2-(3-biphenyl)-4-methyl-valeryl, 1 -(3-bipheny l)-but-:-3-ene-l - 

64 



WO 98/50342 



PC7IYUS98/08764 



carbonyl, I^S-biphenyO-ethyl^-cyclopropane-l-cartxjnyl, l-<3-biphenyl)-3-rnethyM-but-3- 
ene-l-carbonyl, 3-(2-pyridyl)-phenyl acetyl, 3-<3-pyridyl)-phenyl acetyl, 4-biphenyVl acetyl-, 
3-biphenyl acetyl-, 8-quinoline sulfonyl-, 3-biphenyl sulfonyl-, 4-cyano-phenyl sulftfonyl, 2- 
carboxyl-phenyl sulfonyl, 2-carboxymethyl-phenyl sulfonyl-, 4-C-tetrazole-phenyl i sulfonyl, 
1 -naphthalene sulfonyl, 3-phehoxy-phenyl sulfonyl, 4-phenoxy-phenyl sulfonyl, 3-«4-(3- 
chloro-2-cyano-phenoxy)-phenyl sulfonyl-, 4-biphenyI sulfonyl-, 2-dibenzofuran-suulfonyl, 
8-quinoline carbonyl-, 6-quinoline carbonyl-, 2-pyridine carbonyl, 5-(2-pyridyl)-thaiophene 
carbonyl, N-benzyl-4-piperidinyl carbonyl 2-quinoline carbonyl-, 2-pyridyl sulfonyyl, 1,3- 
dimethy l-5-chloro-pyrazole-4-sulfonyl, 3,5-dimethyl-isoxazole-4-sulfonyI, benzo-2^, 1 ,3- 
thiadiazole-4- sulfonyl, phenyl-sulfone-5-thiophene-2-sulfonyl-, 2-carboxymethyI 
thiophene-sulfonyl, 2,5-dichlorothiophene-3-sulfonyl-, and phenyl. 

7. A compound according to Claim 1 wherein R 6 andR 7 are independently sselected 
from the group consisting of benzyloxycarbonyl, 2-pyridyl methyloxycarbonyl , 3-ppyridyl 
methyloxycarbonyl, 4-pyridyl methyloxycarbonyl, benzoyl-, 1-naphthoyl-, 2-naphthhoyl-, 4- 
phenoxy-benzoyl-, 3-phenoxy-benzoyI-, 2-phenoxy-benzoyl-, 2-chloro-benzoyl-, 4-t-fluoro- 
benzoyl, 3,4-difluoro benzoyl-. 4-trifluoromethyl benzoyl-, 2-chlorobenzoyl-, 4- 
carboxymethyl-benzoyl-, 4-carboxyl-benzoyl-, N.N-dimethyl glycinyl-, 2-pyridyl caarbonyl-, 
3-pyridyl carbonyl, 4-pyridyl carbonyl-, 2-quinoline carbonyl-, 3-quinoiine carbonyyl-, 4- 
quinoline carbonyl-, 5-quinoline carbonyl-, 6-quinoline carbonyl-, 7-quinoIine carboonyl-, 8- 
quinoline carbonyl-, 1-isoquinoline carbonyl-, 3- isoquinoline carbonyl-, 4- isoquinaoline 
carbonyl-, 5- isoquinoline carbonyl-, 6- isoquinoline carbonyl-, 7- isoquinoline carboonyl-, 8- 
isoquinoline carbonyl-, 1-benzothtophene carbonyl-, 1-benzofurancarbonyl-, 5-indoble- 
carbonyl-sulfonyl-. N-methyl-prolinyl-, 2-quinoxaline-carbbnyl-, 5-<2,3-dihydrobennzofuran- 
carbonyl-, 2-benzofuran-carbonyl-, 2-benzothiophene-carbonyl-, N-morpholino-carlrbonyl-, 
N-methyl-piperidine-carbonyl-, N-pyrazole-carbonyl-, 2-pyridyl sulfonyl-, 3-pyridy W 
sulfonyl, 4-pyridyl sulfonyl, 2-quinoline sulfonyl-, 3-quinoline sulfonyl-, 4-quinolinne 
sulfonyl-, 5-quinoline sulfonyl-, 6-quinoline sulfonyl-, 7-quinoline sulfonyl-, 8-quinnoline 
sulfonyl-, 1- isoquinoline sulfonyl-, 3- isoquinoline sulfonyl-, 4- isoquinoline sulformyl-, 5- 
isoquinoline sulfonyl-, 6- isoquinoline sulfonyl-, 7- isoquinoline sulfonyl-, 8- isoquhinoline 
sulfonyl-, acetyl, trans-4-propyl-cyclohexyl-carbonyl-, cyclohexyl-carbonyl-, 4-imiddazole 
acetyl-, 2-pyridyl acetyl, 3-pyridyl acetyl, 4-pyridyl acetyl-, and N-morpholine acetyyl. 



65 



WO 98/50342 



PCTT/US98/08764 



8. A compound according to Claim 1 wherein: 
R 1 is H or C i_6 alky I; 

R 2 and R 3 are H; 

R 4 is N-(R 6 )-NHCH(Ci_6 alkyl)-CO, N,N-R6-(Cl-6 alkyl)-N(Ci-6 aIkyI).)-CO, or 
Ar-Cl_6 alkyl-CO; 

R 5 is N-R 7 -norvaIinyK Ar-Ci-6 alkyI-CO t Het-S0 2 , Het-CO, ArCO, Ar-SS0 2 , or Ar-. 

9. A compound according to Claim 8 wherein R 4 is N-R*Meucinyl t N-R^-noorleucinyl, 
N-R 6 -norvalinyl, N-R 6 -isoleucinyl, N-R 6 -a-allyl-glycinyl, N-R 6 -ct-(cyclopropylrnnethyl)- 
glycinyl-, or N-R^- L-P-/m-butyl-aIaninyl. 

10. A compound according to Claim 8 wherein N,N-R 6 -(Ci_6 alkyl)-N(C i_6 aalkyl)-CO 
is N,N-R^-methyl-leucinyl-. 

11. A compound according to Claim 8 wherein: 
R 1 is H or Me; 

R 4 is selected from the group consisting of N-(2-pyridyl carbonyl)-Ieucinyyl t N-(8- 
quinoline carbonyl)-leucinyl, N-(6-quinoIine carbonyl)-leucinyl, N-{2-quinoline caarbonyl)- 
leucinyl, N-(4-imida2ole acetyl)-leucinyl, N-benzoyl-leucinyl, N-(2-pyridyl sulfoniyl)- 
leucinyl, N-(l-isoquinoline carbonyl)-leucinyl t N-(N-morpholine acetyl)-leucinyl, i N-(N- 
methyl prolinyl)-leucinyl t N-(N t N-dimethyl glycinyl)-leucinyl, N-(8-quinoline sulilfonyl)- 
leucinyl, N-Cbz-leucinyl, N-pentafluorobenzoyl-leucinyl, N-2-naphthoyl-leucinyl, , N-l- 
naphthoyl-leucinyl, N-4-fluorobenzoyl-IeucinyU N-(4-trifluoromethyl benzoyl)-leuucinyl N- 
3,4-difluorobenzoyl-Ieucinyl, N-3,4-dimethoxybenzoyl-leucinyl, N-( 1 -benzothiophhene- 
carbonyl)-leucinyl, N-(2-benzothiazole-carbonyI>leucinyl, N-(5-benzothiophene- 
carbonyl^leucinyl, N-(6-benzothiophene-carbonyl)-leucinyl, N-(5-indole-carbonyM)- 
leucinyl, N-(/rarLr-4-propyl cyclohexyl-carbonyl^leucinyl, N-(2-quinoxaline-carboonyl)- 
leucinyl, N-5^23^ihyoVc-benzoruran)-carbonyl)-leucuiyl, N-(2-benzofuran-carboonyl> 
leucinyl, N-(N-methyl-2-indole-carbonyl)-leucinyl, N-(2-chloro-benzoyl-carbonyl)l)- 
leucinyl, N-(4-phenoxy-phenyl-carbonyl)-leucinyl, N-(3-methoxy-2-quinoline-carbbonyI)- 
leucinyl, N-(2-pyridyl-methyleneoxy-carbonyI)-leucinyl or N-(cyclohexyl-carbonyyl>- 
leucinyl, N-Cbz-norleucinyl, N-(2-naphthyl-carbonyI)-norleucinyl, N-(3,4-dimethooxy- 
benzoyl)-norleucinyl, N-(5-benzothiophene-carbonyl)-norleucinyl, N-Cbz-norvalinnyl, N- 
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Cbz-isoleucinyl, N-Cbz-cc-allyl-glycinyl, N-Cbz-N-methyl-leucinyl-, N-Cbz-a- 
(cyclopropylmethyl)-glycinyl-, 2-(3-biphenyl)-4-methyl-valeryl, l-(3-biphenyl)-butt-3-ene- 1- 
carbonyl, or 1^3-biphenyI)-ethyI-2-cyclopropane-l -carbonyl; 

R 5 is selected from the group consisting of N-Cbz-norvalinyl-, 3-(2-pyridyyi)-phenyI acetyl, 3- 
(3-pyridyl)-phenyl acetyl, l-(3-biphenyl)-3-methyI-but-3^ene-l-carbonyI, l-(3-biphhenyl)-but-3-ene-l- 
carbonyl, 2-pyridyl sulfonyl, 8-quinoline sulfonyl-, 1.3-dimethyl-5-chIoro-pyrazoIe-s-4-sulfonyl, 3,5- 
dimethyl-isoxazole-4-sulfonyl, benzo-2,l,3-thiadiazole-4- sulfonyl, 3-biphenyI sulffonyl, 8-quinolone 
carbonyl, 5-(2-pyridine)-thiophene-carbonyI, N-benzyl-4-piperidinyl carbonyl, 2-quuinoline carbonyl, 2- 
pyridine-carbonyl, 4-phenoxy-phenyl-carbonyl, 2-(3-biphenyI)-3-methyI-valeryl t 2-<-carboxymethyl- 
phenyl-sulfonyl, 2-carboxyl-phenyl-sulfonyl, 4-C-tetrazole-phenyl-suIfonyl, I-naphhthalene-sulfonyl, 2- 
cyano-phenyl-sulfonyl, or phenyl. 

12. A compound according to Claim 1 wherein: 
R 1 is H or C i_6 alky I; 

R 2 and R 3 are H; 

R 4 is N-(R 6 )-NHCH(Ci-6 alkyl)-CO or Ar-Ci-6 alkyl-CO; and 
R 5 is Ar-Ci_6 alkyl-CO or Het-S0 2 . 

13. A compound according to Claim 12 wherein R 4 is N-(R 6 )-NHCH(Ci_6 alkkyl)-CO 
is N-R^-leucinyl or N-R^-norleucinyl. 

14. A compound according to Claim 12 wherein: 
R 1 is H or Me; 

R 4 is selected from the group consisting of Cbz-leucinyl, 2-naphthoyHeucbinyl, 4- 
fluo robcnzoy I-leuciny 1, 3,4-dimethoxybeiizoyl-leucinyl, (1-benzothiophene-carboniiyl)- 
leucinyl, (2-quinoxaline-carbonyl)-leucinyl, 5K23-dihydro-benzofuran)-carbonyl>-<- 
leucinyl, (2-benzofuran-carbonyl)-leucuiyU (2-naphthyl-carbonyl)- norleucinyl, (3/,4- 
dimethoxy-benzoyl)-norleucinyl, (5-benzothiophene-carbonyl)-norleucinyl, and 2-(<3- 
biphenyl)-4-methyl-valeryl; and 

R 5 is 3-(2-pyridyl)-phenyl acetyl or 2-pyridyl sulfonyl. 

15. A compound of Claim I selected from the group consisting of: 
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l-N-(N-(2-pyridyI caibonyI)-leucinyl)-amtno-3-N<2-pyridyI-sulfonyl)-amino-proppan-2- 
one; 

l-N-(N-(8-quinoline cartK)nyl)-leucinyI)-amino-3-N^2-pyridyl-suIfonyl)-amino-pnropan-2-one; 
l-N-(N-(2-quinoIine carbonyl)-leucinyl)-amino-3-N-(2-pyridyl-sulfonyl)-aniino-pr(ropan-2-one; 
l-N-(N-{4-imidazole acetyI)-leucinyl)-amino-3-N-(3-btphenyl sulfonyl)-amino-proppan-2-one; 
l-N-(N-(2-pyridyI-carbonyl)-IeucinyI)-amino-3-N-(8-quinoHne carbonyl)-amino-ppropan-2-one; 
l-N-(N-benzoyl-IeucinyI)-amino-3-N-(8-quinoIine carbonyl)-amino-propan-2-one; ; 
l-N-(N-(2-pyridyl sulfonyl)-leucinyl)-amino-3-N-(8-quinoIine carbonyl)-amino-prcopan-2-one; 
i-N-(N-(8'quinolinccarbonyl)-leucinyI)-amino-3-N-(8-quinoiinc caibonyI)-amino-]-ppopan-2-one; 
l-N-(N^l-isoquinoline-cartK>nyl)-IeucinyI)-amino-3-N-(8-quinolinc carbonyl)-amiiino-propan-2-one; 
l-N-(N-^-morphoIine-acetyI)-leucinyl)-amino-3-N-(8-quinolinc caibonyl)-araino-|-propan-2-one; 
l-N-(N-(N-methyl prolinyl)-leucinyl)-amino-3-N-(8-quinoIine carfaonyl)-amino-prcopan-2-one; 
1-N-(N-(N, N-dimethyl glycinyl)-leucinyl)-amino-3-N-(8-quinoline carbonyl)-aminno-propan-2-one; 
I-N-(N-(8-quinoIine sulfonyl)-leucinyl)-amino-3-N-(8-quinoluie carbonyl)-amino-ppropan-2-one; 
l-N-(N-Cbz-Ieucinyl)-amino-3-N-(3-(2-pyridyl)-phenyI acetyI)-amino-propan-2-onne; 
l-N-(N-pentafluorobenzoyI-Ieuciny!)-amino-3-N-(3-(2-pyridyl)-phenyI acetyl)-amirino-propan-2-one; 
l_N-(N-2-naphthoyl-leucinyI)-amino-3-N-(3-(2-pyridyt)-phenyl acetyl)-amino-proppan-2-one; 
1 -N-(N- 1-naphthoyl-Ieuciny l)-amino-3-N-(3-{2-pyridyl)-phenyl acetyl)-amino-proppan-2-one; 
1 -N-(N-(2-pyridyl-carbony l)-Ieucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acctyI)-amhino-propan-2-one; 
l-N-(N-4-fluorobenzoyI-Icucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyl)-amino-j-propan-2-one; 
l-N-CN-S^-difluorobenzoyl-leucinyO-amino-S-N^^-pyridyO-phenyl acetyI)-amirino-propan-2-one; 
l-N-(N-3,4-dimethoxybenzoyl-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acctyI)-aamino-propan-2- 
one; 

l-N^<l-benzothiophcne^artK)nyIHeucinyl)-aii™ 
propan-2-one; 

l-N-(N^5-indole-^rbonyl>-lcucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyl)-amirino-propan-2-one; 

1- N-( N-Cbz-isolcucinyI)-amino-3-N-(3-(2-pyridyl)-phenyl acety!)-amino-propan-22-one; 
1 -N-( N-Cbz-norvalinyl)-amino-3-N-(3-(2-pyridyl) -phenyl acetyl)-amino-propan-2-*-one; 

1 -N-( N-Cbz-a-allyl-gIycinyl)-amino-3-N-(3-(2-pyridyl)-pheny 1 acetyI)-amino-proppan-2- 
one; 

1 -N-( N-Cbz-norleucinyl)-amino-3-N-(3-(2-pyridyl)-pbenyl acetyl)-amino-propan-22-one; 
1 -N-( N-Cbz-N-methyl-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyl)-amino-pDtopan- 

2- one; 
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1 -N-( N-Cbz-a-(cyclopropyl)-methy I-glyciny I)-amino-3-N-(3-(2-pyridy I>-phenyI aacetyl)- 
amino-propan-2-one; 

l-N-(N-bcn2yIoxycarbonyl-l^P-fert-butyIalanine)-amino-3-N-(3-(2-pyridyI)-phenyyl 
acetyl)-amino-propan-2-one; 

l-N-(2-(3-biphenylM-methyl-valeryI)-amino-3-N^2-pyridyl-sulfonyl)-ami 
one; 

l-N-(2^3-biphenyl>^niethyl-valeryI)-amino-3-N^2K^d30xyraethyl-phenyl-suIfoimyl)- 
amino-propan-2-one; 

l-N-(2-(3-biphenyl)^-methyl-valeiyl)-amino-3-N-(^^ 
propan-2-one; 

l-N-(2-(3-biphenyl)-4-methyl-valeryl)-amino-3-N-(8-quinoline carbonyl)-amino-pr'ropan-2- 
one; 

l-N-(2-(3-biphenyI)-4-methyl-valeryl)-amino-3-N-(3-(2-pyridyi)-phenyl acetyl)-amnino- 
propan-2-one; 

l-N-(2-(3-biphenyl)-4-methyI-vaieryl)-amino-3-N-(3-(3-pyridyl)-3-phenyl acetyl)-aamino- 
propan-2-one; 

]-N-(2-(3-biphenyI)-4-methyl-valeryI)-amino-3-N-(2-pyridine carbonyl)-amtno-proopan-2- 
one; 

l-N-(2-(34>iphenyI)^-methyl-valeiyI)-amino-3-N^5-(2-pyridine)-thiophene-carboDnyl)- 
amino-propan-2-one; 

l-N-(2-(3-biphenyI)-4~methyl-valeryl)-amino-3-N-( N-benzyl-4-piperidine-carbonyyi)- 
amino-propan-2-one; 

l-N-(2-(3-biphenyl)^-methyl-valeiyI)-amincH3-N^2^uino 
one; 

I-N^2-(3-biphenyl)^methyl-valetyl)-ammo-3-^ 
propan-2-one; 

l-N-(2-(3-biphenyl)^methyl-valeryl)-amino-3-N^4^ 
propan-2-one; 

l-N-(2-(3-biphenyl)-4-methyl-valeryl)-amino-3-N-(3-(2-pyridyKphenyl acetyI)-amnino-(S)- 
butan-2-one; 

l-N-(2-(3-biphenyl)-3-methyI-valeryl)-l-N-methyl-amino-3-N-(3-(2-pyridyl-(phenTiyl 
acetyl)-amino-propan-2-one; 
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1 -N-(N-2-pyridyl carbonyI-leucinyl)-ami[io-3-N-(4-pheno7cy-phenyl carbonyl)-aminno- 
propan-2-one; 

l-N-(N-8-quinoline-carbonyl-leucinyI)-amino-3-N-(4-phenoxy-phenyl carbonyl)-anmino- 
propan-2-one; 

l_N_(N-2-quinoline-carbonyl-Icucinyl)-amino-3-N-(4-phenoxy-phenyI carbonyl)-anmino- 
propan-2-one; 

l-N<N^Cbz-norvalinyl)-amino-3-NK8^uinoHne-sulfonyl)-aiiiino-propan-2-one; 
l-N-(8^uinoline-sulfonyl)-amino-3-N^8^ 

l-N-(2-(3-biphenyl)-3-methyl-valeryI)-amino-3-N-(8-quinonne -suIfonyl)-amino-prropan-2- 
one; 

l-N^2-(3-biphenyl)-3-methyl-valeryl)-amino-3-N-(2-(3-biphenyI)-3-raethyI-valeryl'I)- 
amino-propan-2-one; 

l-NKN-(Cbz-norvalinyl)-araino-3-N-(N-(Cbz-norvalinyl)-amino-propan-2<>ne; 

l-N^l-(3-biphenyI)-but-3^ne-l^arbonyl)-an^ 

propan-2-onc; 

l_N_(1^3_biphenyl)-but-3-ene-l-carbonyl)-amino-3-N-( l-(3-biphenyI)-but-3-ene- 1- 
carbonyl)-propan-2-onc; 

l-N-<l-(3-biphenyI)-ethyl-2-cyclopropane-l-carbonyl)-amino- 3-N-(3-(2-pyridyl)-pbhenyl acetyl)- 
amino-propan-2-one; 

1 _n-( l-<3-biphenyl)-3-methy I-but-3-ene- 1 -carbonyl)-amino- 3-N-(3-(2-pyridy l)-phecny 1 accty l)-amino- 
propan-2-one; 

l-N-(l-(3-biphenyl)-3-methyI-but-3-ene-l-carbonyI)-amino)- 3-N-( 1 -(3-bipheoyl)-3-i-methyl-but-3-ene- 
1 -cari3onyl)-amino-propan-2-one; 

1 -N-(N-(trans-4-propyl cyclohexyl-carbonyl)-leucinyl>amino-3-N-(3-(2-pyridyl)-pbhenyl acetyl)- 
amino-propan-2-one; 

l-N-(N^2^uinoxaline^aibonylHeucinyl>amino^ 
one; 

l-N-(N-(5K2,3Kiihydro-benzoftiran)-carbonyl)-leucinyI)-anu 
amino-propan-2-one; 

t-NKNKN-methyl-2-indole-carbonyl)-leucinyl)-amino-3-N^3-(2-pyridyl)-phe aacetyl)-amino- 
propan-2-one; 

l_N-(>HcycIohexyl^arbonyl)-leuci^ 

1 _N-(N-(2-chIoro-bcnzoy l)-leucinyl)-amino-3-N-(3-(2-pyridyl)-pheny 1 acetyl)-amiiwo-propan-2-one ; 
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l-N-(N-(2-ben2afuran^arbonyl)-leucinyl)-amino-3-NK3^2-pyridyI)-phenyl acetyIJ)-amino-propan-2- 
one; 

l-N-(N-(3-phenoxy-phenyl-carbonyl)-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl aocetyl)-amino- 
propan-2-one; 

l-N-(N-(4-phenoxy-phenyl^^onyl)-lcucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl aacetyl)-amino- 
propan-2-one; 

l-N-(N^3-methoxy-2^uinoline-carbonyl)-leucinyl)-amino-3-N-(3-{2-pyridyl)-pheDiiyl acetyl)-amino- 
propan-2-one; 

l-N_(N-Cbz-leucinyl)amino-3-N-(3^ 
I-N-(N<4-fluorobenz<>yIHeucinyl)amm^ 

l-N-(N-(2-benzothiophenc-carbonyl)-leucinyI)amino-3-N-(3-(2-pyridyl-{phenyl aceetyl)-amino-(S)- 
butan-2-one; 

1 -N-(N<2-pyridyl-methyleneoxy-carbonyl)-leucinyl)-amino-3-N-( 1-naphthalene suulfony l)- 
amino-propan-2-one; 

1 -N-(N-(2-pyridyl-mcthyleneoxy-carbonyl)-leucinyl)-amino-3-N-( 1 ,3-dimethy 1-5-cbhIoro- 
pyrazole-4-sulfonyI)-amino-propan-2-one; 

1 -N-(N-<2-pyridyl-methy leneoxy-carbonyl)-IeucinyI)-amino-3-N-(benzo-2, 1 ,3-thiaodiazole- 
4-sulfonyI)-amino-propan-2-one; 

l-N^-(2-pyridyl-raethyIeneoxyH:arbonyl)-leucinyl)-amino-3-N-(3,5-dimethyl-iso?)xazole- 
4-sulfonyl)-amino-propan-2-one; 

1 -N-(N-(4-trifluoromethyl benzoy l)-Ieucinyl)-amino-3-N-(3-(2-pyridyl)-phenyI acettyl)- 
amino-propan-2-one; 

1 -N<NK6-benzthiazole-<^rbonyI)-leucinyl)-amino-3-N-(3-(2-py ridy l)-pheny 1 acety y 1)- 
amino-propan-2-one; 

l-N^K6^uinoline-caibonyl)-leucinyl)-amino-3-NK3K2-pyridyl)*phenyI acctyl)-aamino- 
propan-2-one; 

l-NKN-(4-fluortHbenzoyl)-norleucinyl)-amino-3-N-(3-<2-pyridyl>-phenyl acetyl)-anmino- 
propan-2-one; 

l-N-CN-(2-naphthyl-caibonyl>-norleucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyH> 
anuno-propan-2-onc; 

l-N-(N-(3,4-dimethoxy-benzoyI)-norleucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl aceetyl)- 
amino-pro pan-2-onc ; 
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l-N-(N^5-benzothiophene-carbonyI)-norleucinyI)-amino-3-N^3-(2-pyridyl)-phenyyl 
acetyl)-amino-propan-2-one; AND 

(S)-3-NKN-Cbz-Ieucinyl)-amino-l-N-(phcnyl)-5-methyl-hcxan-2-one. 

16. A compound of Claim 15 selected from the group consisting of: 

l-N-(N-Cbz-leucinyl>-aminc-3-N-(3-(2-pyridyl)-phenyl acetyI)-amino-propan-2-onne; 
l-NKN-2-naphthoyl-leudnyl)-arnino-3-N-(3-(2-pyridyl)-phenyI acetyl)- amino-proppan-2-one; 
l-N-(N^-fluorobenzoyl-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyi)-amino-j-propan-2-one; 
l_N_(N-3,4-dimethoxybenzoyl-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl acetyl)-aamino-propan-2-one 
l-N-(N^l-benzothiophene^^bonyl)-leucinyl)-ainino-3-N-(3-(2-pyridyl)-phenyl aacetyl)-amino- 
propan-2-one; 

l_N-(N-(5-indole-carbonyl)-IeucinyI)-amino-3-N-(3-(2-pyridyl)-phenyl acetyI)-amiiino-propan-2-one; 

l-N-(2-(3-biphenyl)^memyl-valei7l)-aminc-3-N-(2-pyridyl-sulfonyl)-arnino-p 

one; 

l_N-(2-(3-biphenyl)-4-methyI-vaIeryl)-amino-3-N-(3-(2-pyridyI)-phenyl acetyl)-amnino- 
propan-2-one; 

l-N-(N-(2-quinoxaline-carbonyl)-leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyI acetyM)-amino-propan-2- 
one; 

l-N-(N^5^23^mydro-benzofuxan)-carbon^^ 
amino-propan-2-one ; 

1 -N-(N-<2-benzofuran-carbonyl)-leuciny l)-amino-3-N-(3-(2-py ridy l)-phenyl acetyl)I)-amino-propan-2- {, 
one; 

l-N-(N<:bz-leucmyl)amino-3-N-(3K2-p^ 
l-N-(NK2-bcnzothiophene-carbonyl)-leucmyl)am 

butan-2-one; 

l-N-(N-(4-trifluoromethyl benzoyl)- leucinyl)-amino-3-N-(3-(2-pyridyl)-phenyl aceetyl)- 
amino-propan-2-one; 

l-N-(NK2-naphthyl^arbonyI)-norleucinyl^ai^^ 
amino-propan-2-one; 

1 -N_(N-(3 ,4-dimethoxy-benzoyl)-norleucinyl)-amino-3-N-(3-(2-pyridyl)-phenyI accety 1)- 
amino-propan-2-one; and 
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l-N-(N^5-ben20thiophene-carfaonyl)-norleucinyI)-armno-3-N<3^2-pyridyI)-phcnyyl 
acetyl)-amino-propan-2-one. 

17. A pharmaceutical composition comprising a compound according to Claimn 1 and a 
pharmaceutically acceptable carrier, diluent or excipient. 

18. A pharmaceutical composition comprising a compound according to Claimn 16 and 
a pharmaceutically acceptable carrier, diluent or excipient. 

19. A method of inhibiting a protease selected from the group consisting of a cpysteine 
protease and a serine protease, comprising administering to a patient in need thereoaf an 
effective amount of a compound according to Claim 1. 

20. A method of inhibiting a protease selected from the group consisting of a cpysteine 
protease and a serine protease, comprising administering to a patient in need thereoof an 
effective amount of a compound according to Claim 16. 

21. A method according to Claim 19 wherein said protease is a cysteine proteaase. 

22. A method according to Claim 20 wherein said protease is a cysteine proteaase. 

23. A method according to Claim 21 wherein said cysteine protease is cathepsirin K. 

24. A method according to Claim 22 wherein said cysteine protease is cathepsirin K. 

25. A method of treating a disease characterized by bone loss comprising inhibiting 
said bone loss by administering to a patient in need thereof an effective amount of aa 
compound according to Claim I. 

26. A method according to Claim 25 wherein said disease is osteoporosis. 

27. A method according to Claim 25 wherein said disease is periodontitis. 
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28. A method according to Claim 25 wherein said disease is gingivitis. 

29. A method of treating a disease characterized by excessive cartilage or matrixx 
degradation comprising inhibiting said excessive cartilage or matrix degradation by ' 
administering to a patient in need thereof an effective amount of a compound accordding to 
Claim 1. 

30. A method according to Claim 29 wherein said disease is osteoarthritis. 

31. A method according to Claim 29 wherein said disease is rheumatoid arthritias. 

32. A method of treating a disease characterized by bone loss comprising inhibit! ting 
said bone loss by administering to a patient in need thereof an effective amount of a i 
compound according to Claim 16. 

33. A method according to Claim 32 wherein said disease is osteoporosis. 

34. A method according to Claim 32 wherein said disease is periodontitis. 

35. A method according to Claim 32 wherein said disease is gingivitis. 

36. A method of treating a disease characterized by excessive cartilage or matrixx 
degradation comprising inhibiting said excessive cartilage or matrix degradation by 
administering to a patient in need thereof an effective amount of a compound accordding to 
Claim 16. 

37. A method according to Claim 36 wherein said disease is osteoarthritis. 

38. A method according to Claim 36 wherein said disease is rheumatoid arthritiss. 
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39. A compound of Formula II: 

R 1 




wherein: 

rI, r2 and R 3 are independently selected from the group consisting of H, CCi-6 
alkyl, C3-I icycloalky, C2-6 alkenyl, C2-6 alkyny, Ar; Het, Cj-6 alkyl -Ar, 
C3-iicycloalkyl-Ar, C2-6 alkenyl-Ar, C2-6 alkynyi-Ar; Ci-6 alkyl-Het, 
C3-I icycloalkyl-Het, C2-6 alkenyl-Het, and C2-6 alkynyl-Het; 

R 4 is selected from the group consisting of N-(R 6 )-NHCH(Ci^ a!kyl)-CO,>, N,N- 
R<5-(Ci-6 alkyl)-N(Ci_6 alkyl)-CO, N-(R 6 )-NHCH(C 2 _6 alkenyI)-CO-, N-<R^)-NH<rCH(C2- 
6 alkynyI)-CO-, N-(R 6 )-NHCH(Ci-6 alkyI-Ar)-CO-, N-<R 6 )-NHCH(C 2 -6 alkenyLAAr)-CO- t 
N-(R 6 )-NHCH(C 2 -6 alkynyl-Ar)-CO-, N-(R 6 )-NHCH(Ci_ 6 alkyl-Het)-CO-, N-(R 6 ?)- 
NHCH(C2-6 alkenyl-Het)-CO-, N<R 6 )-NHCH(C 2 -6 alkynyl-HeO-CO-, ArCO, Ar-CCi-6 
alkyl-CO, Ar-S0 2 , Ar-Ci-6 alkyl-S0 2 , Het-CO, Het-C\-6 alkyl-CO, Het-S0 2 , and 1 Het-Ci- 
6 alkyl-S02; 

R^ is selected from the group consisting of N-R^-amino acid* Ci-6 alkyl CCO, C3. 
1 icycloalkyl-CO, ArCO, Ar-Q-6 alkyl-CO, Ar-S0 2 , Ar-Cl-6 alkyl-S0 2 , Het-CO, 1 Het-Ci- 
6 alkyl-CO, Het-S02, Ci-6 alkyl, Ar-C<)-6 alkyl-, and Het-Q)-6 alkyl-. 

r6 and r7 are independently selected from the group consisting of Ar-( Ci__6 
alkyl)-0-CO, Het-( Ci_6 alkyl)-0-CO, Ar-CO, Ar-S0 2 , Het-CO. Het-S0 2 , Ci-6 alkfcyl-CO, 
C3-I icycloalkyl-CO, Q-6 alkyl-S0 2 , C2-6 alkenyl-CO,C2-6 alkenyl-S0 2 , C2-6 alllkynyl- 
CO; C2-6 alkynyl-S02, ArCi-6 alkyl-CO, ArCi-6 alkyl-S0 2 , ArC2-6 alkenyl-CO, , ArC 2 -£ 
alkenyl-S0 2 , Ar-C2-6 alkynyl-CO,Ar-C 2 -6 alkynyl^S0 2 , Het-Ci-6 alkyl-CO, Het-CCi-6 
alkyl-S0 2t Het-C2-6 alkenyl-CO, Het-C 2 -6 alkenyl-S0 2 , Het^C2-6 alkynyl-CO, anod 
Het-C 2 -6 alkynyl-S02; 
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and pharmaceutically acceptable salts, hydrates and solvates thereof. 

40. A compound according to Claim 39 wherein R!,R 2 andR 3 are independently 
selected from the group consisting of methyl, isobutyl, phenyl, benzyl, and isonicotitinyl. 

41. A compound according to Claim 39 wherein R 1 , R 2 and R 3 are H. 

42. A compound according to Claim 39 wherein R 4 is selected from the group • 
consisting of N-R 6 -leucinyl, N^-norleucinyl-, N-R 6 -norvalinyl-, N-R 6 -isoleucinyyt-, N- 
R^-cc-allyl-glycinyl-, N-R^-a-(cyclopropylmethyI)-gIycinyl-, N-R^-p-fc/t-butyl-alanninyI-2-, 
N-R^-homo-leucinyl-, N,N-R^-methyl-leucinyl-, 3-phenoxy-benzoyI, 4-phenoxy-beEnzoyl-, 
or 2-benzyIoxy-benzoyl, 4-biphenyl acetyl-, 2-(4-biphenyl)-4-methyl-valeryl, 2-(3- 
biphenyl)-4-methyl-valeryl, l-(3-biphenyl)-but-3-ene- 1-carbonyl, 1 -(3-biphenyl)-ethhyl- 
cyclopropane- 1-carbonyl, l-(3-biphenyl)-3-methyl-but-3-ene- 1-carbonyl, 3-(2-pyriddyI)- 
phenyl acetyl, 3-(3-pyridyI)-phenyl acetyl, 3-phenoxy-phenyl sulfonyl, 4-phenoxy-pt)henyl 
sulfonyl, 3-(4-(3-chIoro-2-cyano-phenoxy)-phenyl sulfonyl, and 8-quinoline sulfonyyl-. 

43. A compound according to Claim 39 wherein N-R 7 -amino acid is selected frrom the 
group consisting of N-(R 7 )-NHCH(Ci-6 alkyl)-CO, NKR 7 )-NHCH(C 2 -6 alkenyl)<CO-, N- 
(R7>NHCH(C2-6 alkynyl)-CO-, N-(R 7 )-NHCH(Ci-6 alkyl-Ar)-CO-, N-(R 7 )-NHCEH(C2-6 
aIkenylAr)-CO-, N-(R 7 )-NHCH(C2-6 alkynyl-Ar)-CO-, R 7 -y-t-butyl-glutamyk R 7 - - 
glutamyl-, and N,N-R 7 -( C t -C 6 alkyl)-leucinyl-. 

44. A compound according to Claim 39 wherein R 5 is selected from the group ■ 
consisting of N-R 7 -leucinyl-, N-R 7 -norleucinyl-, N-R 7 -norvaImyI-,N-R 7 -isoleucinyyK N- 
R 7 -a-allyl-glycinyKN-R 7 -a-(cyclopropylm^ 

N-R 7 -homo-leucinyI, N-(R 7 )-phenylalaninyl, acetyl, benzoyl, 3-phenoxy-benzoyl, 44- 
phenoxy-benzoyl, 2-benzyloxy benzoyl, 3-benzyloxy benzoyl, or 4-benzyloxy benzcoyl, 2- 
(4-biphenyl)-4-methyl-valeryl, 2-(3-biphenyI)-4-methyl-valeryl, l-(3-biphenyl)-but :-3-ene-l- 
carbonyl l-(3-biphenyl>-ethyI-cyclopropane- 1-carbonyl, l-(3-biphenyl)-3-methyl-bout-3- 
ene- 1-carbonyl, 3-(2-pyridyl)-phenyl acetyl, 3-(3-pyridyl)-phenyl acetyl, 4-biphenyll acetyl-, 
3-biphenyl acetyl-, 8-quinoline sulfonyl-, 3-biphenyl sulfonyl-, 4-cyano-phenyl sulfrfonyl, 2- 
carboxyl-phenyl sulfonyl, 2-carboxymethyl-phenyl sulfonyl-, 4-C-tetrazole-phenyl s sulfonyl, 
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1 -naphthalene sulfonyl, 3-phenoxy-phenyI sulfonyl, 4-phenoxy-phenyI sulfonyl, 3-<44-<3- 
chloro-2-cyano-phenoxy)-phenyl sulfonyl-, 4-biphenyl sulfonyl-, 2-dibenzofuran-suIdfonyl, 
8-quinoline carbonyl-, 6-quinoline caibonyl-, 2-pyridine carbonyl, 5-(2-pyridyl)-thioophene 
caibonyl, N-benzyl-4-piperidinyl carbonyl, 2-quinoIine carbonyl-, 2-pyridyl sulfonyH, 1,3- 
dimemyl-5-chloro-pyrazole-4-sulfonyl, 3,5-dimethyMsoxazole-4-sulfonyl, benzo-2,U,3- 
thiadiazole-4- sulfonyl, phenyl-sulfone-5-thiophene-2-sulfonyI-, 2-carboxymethyl 
thiophene-sulfonyl, 2,5-dichlorothiophene-3-sulfonyl-, and phenyl. 

45. A compound according to Claim 39 wherein R 6 and R 7 are independently seelected 
from the group consisting of benzyloxycarbonyl, 2-pyridyl methyloxycarbonyl t 3-pyyridyl 
methyloxycarbonyl, 4-pyridyl methyloxycarbonyl, benzoyl-, 1-naphthoyI-, 2-naphthaoyl-, 4- 
phenoxy-benzoyl-, 3-phenoxy-benzoyI-, 2-phenoxy-benzoyl-, 2-chIoro-benzoyl-, 4-flfluoro- 
benzoyl, 3,4-difluoro benzoyl-, 4-trifluoromethyl benzoyl-, 2-chIorobenzoyl-, 4- 
carboxymethyl-benzoyl-, 4-carboxyl-benzoyl-, N,N-dimethyl glycinyi-, 2-pyridyl canrbonyl-, 
3-pyridyl carbonyl, 4-pyridyl carbonyl-, 2-quinoline carbonyl-, 3-quinoline carbonyl l-, 4- 
quinoline carbonyl-, 5-quinoline carbonyl-, 6-quinoline carbonyl-, 7-quinoline carboonyl-, 8- 
quinoline carbonyl-, 1-isoquinoline carbonyl-, 3- isoquinoline carbonyl-, 4- isoquinooline 
carbonyl-, 5- isoquinoline carbonyl-, 6- isoquinoline carbonyl-, 7- isoquinoline carboonyl-, 8- 
isoquinoline carbonyl-, 1-benzothiophene carbonyl-, 1-benzofurancarbonyl-, 5-indoMe- 
carbonyl-sulfonyl-, N-methyl-prolinyl- t 2-quinoxaline-carbonyl-, 5-(2,3-dihydrobenzzofuran- 
carbonyl-, 2-benzofuran-carbonyl-, 2-benzothiophene-carbonyl-, N-morpholino-carbbonyl-, 
N-methyl-piperidine-carbonyl-, N-pyrazole-carbonyl-, 2-pyridyl sulfonyl-, 3-pyridyl 1 
sulfonyl, 4-pyridyl sulfonyl, 2-quinoline sulfonyl-, 3-quinoline sulfonyl-, 4-quinolinee 
sulfonyl-, 5-quinoline sulfonyl-, 6-quinoline sulfonyl-, 7-quinoline sulfonyl-, 8-quinaoline 
sulfonyl-, 1- isoquinoline sulfonyl-, 3- isoquinoline sulfonyl-, 4- isoquinoline sulfonjyl-, 5- 
isoquinoline sulfonyl-, 6- isoquinoline sulfonyl-, 7- isoquinoline sulfonyl-, 8- isoquirinoline 
sulfonyl-, acetyl, trans-4-propyl-cyclohexyI-carbonyI-, cyclohexyl-carbonyl-, 4-irniddazole 
acetyl-, 2-pyridyl acetyl, 3-pyridyl acetyl, 4-pyridyl acetyl-, and N-morpholine acetyyi. 

46. Use of a compound according to any one of Claims 1 to 16 in the manufacture of a 
medicament for use in inhibiting a protease selected from the group consisting of a c cysteine 
protease and a serine protease. 
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47. A use according to Claim 46 wherein said protease is a cysteine protease. 

48. A use according to Claim 47 wherein said cysteine protease is cathepsin K. . 

49. Use of a compound according to any one of claims 1 to 1 6 in the manufactuure of a 
medicament for use in treating a disease characterized by bone loss. 

50. A use according to Claim 49 wherein said disease is osteoporosis. 

51. A use according to Claim 49 wherein said disease is periodontitis. 

52. A use according to Claim 49 wherein said disease is gingivitis. 

53. Use of a compound according to any one of claims 1 to 16 in the manufactuure of a 
medicament for use in treating a disease characterized by excessive cartilage or maotrix 
degradation. 

54. A use according to Claim 53 wherein said disease is osteoarthritis. 

55. A use according to Claim 53 wherein said disease is rheumatoid arthritis. 

n:\yps\apps\p50662p\pctclaim.doc 
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